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PREFACE  TO  SECOND   EDITION 

Ever  since  the  first  printing  of  this  book,  the  authors  have  been 
studying  ways  and  means  of  making  it  better,  and  the  addition  of 
one  hundred  and .  sixty  pages  by  no  means  gives  an  adequate  idea 
of  the  extent  to  which  it  has  been  revised. 

Each  section  has  been  carefully  studied  to  make  it  cover  the 
changed  and  changing  conditions  of  shop  and  drawing-room  work 
in  the  hope  of  making  it  even  more  valuable  than  before. 

Many  of  the  changes  have  been  due  to  suggestions  made  by  users 
of  the  Handbook,  and  we  shall  appreciate  a  continuance  of  their 
interest  and  assistance  in  pointing  out  possibilities  of  improvement. 

The  Authors. 


PREFACE  TO  THE   FIRST  EDITION 

Every  man  engaged  in  mechanical  work  of  any  kind,  regardless 
of  his  position  in  the  shop  or  drawing  room,  frequently  requires 
information  that  is  seldom  remembered  and  is  not  usually  available 
wheii  wanted. 

With  tys  in  mind  it  has  been  our  endeavor  to  present  in  con- 
venient form  such  data  as  will  be  of  value  to  practical  men  in  the 
various  branches  of  machine  work.  While  some  of  the  matter  in- 
cluded may  seem  elementary,  it  was  considered  necessary  in  order 
to  make  the  work  complete.  Much  of  the  information  has  never 
before  been  available  to  the  mechanic  without  tiresome  search  and 
consultation. 

We  believe  that  the  Dictionary  section  will  be  foUnd  of  service 
to  the  younger  mechanics  and  in  helping  to  establish  standard  names 
for  various  parts  which  are  now  more  or  less  confused  in  different 
sections  of  the  country. 

Our  indebtedness  to  various  manufacturers  and  individuals  is 
hereby  acknowledged,  and  in  the  back  of  the  book  will  be  found  a 
list  of  such  authorities  with  page  references  to  the  information  fur- 
nished by  them. 

We  dare  not  hope  that  no  errors  will  be  foimd  and  we  shall  be  glad 
to  have  them  pointed  out  and  to  receive  any  suggestions  as  to  addi- 
tions or  other  changes  which  may  add  to  the  value  of  the  book. 

The  Authors. 
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CUTTING  SCREW  THREADS 

Nearly  all  lathes  are  geared  so  that  if  gears  having  the  same  num- 
ber of  teeth  are  placed  on  both  stud  and  lead  screw,  it  will  cut  a  thread 
the  same  pitch  as  the  lead  screw.  This  is  called  being  geared  "even." 
If  the  lathe  will  not  do  this,  then  find  what  thread  will  be  cut  with 
even  gears  on  both  stud  and  lead  screw  and  consider  that  as  the  pitch 
of  lead  screw.  In  speaking  of  the  pitch  of  lead  screw  it  will  mean 
the  thread  that  will  be  cut  with  even  gears. 

In  cutting  the  same  thread  with  even  gears,  both  the  work  and  the 
lead  screw  are  turning  at  the  same  rate.  To  cut  a  faster  thread,  the 
lead  screw  must  turn  faster  than  the  work,  so  the  larger  gear  goes 
on  the  stud  and  the  smaller  on  the  lead  screw.  To  cut  a  slower 
thread  (finer-pitch  or  less  lead),  the  larger  gear  goes  on  the  screw 
and  the  smaller  on  the  stud. 

Calling  the  lead  screw  6  to  the  inch,  what  gears  shall  we  use  to 
cut  an  8  thread  ? 

Multiply  both  the  lead  screw  and  the  thread  to  be  cut  by  some 
number  (the  same  number  for  both)  that  will  give  two  gears  you  have 
in  the  set.  If  the  gears  vary  by  4  teeth,  try  4  and  get  24  and  32  as 
the  gears.  If  by  5,  you  get  30  and  40  as  the  gears.  Then  as  8  is 
slower  than  6,  the  large  gear  goes  on  the  lead  screw  and  the  small 
one  on  the  stud. 

Cut  an  18  thread  with  a  5-pitch  lead  screw  and  gears  varying  by 
5  teeth.  5  X  5  =  25  and  5  X  18  =  90.  There  may  not  be  a  90 
gear,  but  you  can  use  a  2  to  i  compound  gear  and  use  a  45  gear 
instead.  That  is,  put  the  25  gear  on  the  stud,  use  any  2  to  i  com- 
bination between  this  and  the  45  gear  on  the  screw. 

The  25  gear  must  drive  the  large  gear  of  the  2  to  i  combination 
and  the  small  gear  drive  the  45-tooth  gear,  either  directly  or  through 
an  intermediate. 

In  cutting  fractional  threads  the  same  rule  holds  good.  To  cut 
iii  threads  with  gears  that  change  by  4  teeth,  use  4  X  6  =  24  and 
4  X  iii  =«  46,  with  the  24  gear  on  the  stud  and  the  46  on  the  screw. 
With  gears  changing  by  5  this  is  not  so  easy,  as  5  X  ni  =  57 J,  an 
impossible  gear.  Multiplying  by  10  would  give  60  and  115,  not 
much  better.  Multiply  by  6  and  get  6  X  6  =  36  and  6  X  iij  =  69, 
neither  of  which  is  in  the  set.  It  seems  as  though  35  and  70  would 
come  pretty  near  it,  but  they  will  cut  a  12  thread  instead. 

To  find  what  thread  any  two  gears  will  cut,  multiply  the  pitch  of 
lead  screw  and  the  gear  which  goes  on  it  and  divide  iVvvs*  Vyj  >i?wt  vsa-x 
on  the  stud.     Suppose  we  try  40  on  the  slud  axvd  T^  ov\.  \;>cva  X^-a^ 
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GEARS  FOR  SCREW-CUTTIXG 


It  75  bf  6  —  450  and  diridc  br  40  nidcfa  gnres  11} 
as  the  thread  that  wiU  be  asL  Trr  45  and  8<x  6  X  80  =»  4S0: 
divided  bj  45  =  10},  showing  that  the  40  and  75  are  nearest  and 
that  to  citt  it  exactiv  a  special  gear  will  hare  to  be  added  to  the  set. 
In  realitT  the  gcans  would  not  change  by  5  teeth  whh  a  6piU:h  lead 
screw. 

Rules  for  screw  <:mting  mar  be  summed  up  as  follows*  ahrars 
rememberiz^  that  the  lead  screw  is  the  thread  that  will  be  cut 
when  gears  having  the  same  number  of  teeth  are  placed  on  both 
screw  and  stud. 


To  Find 


Rule 


A  =  True  lead  of  screw  C 

and 
B  =  Thread  to  be  cut     D 


=Gear  for  stud      Muhiply  both  A  aiKi  B 

and  bv  anr  one  number 

=  Gear  for  screw  >     that  will  give  gears 

I  in  the  set.  Put  gear 
.4  on  stud  and  gear 
B  on  lead  screw. 


A  —  True  lead  oi  screw  D 
B  =  Thread  to  be  cut 
C  =  Gear  for  stud 


Gear  for  screw  Multiply  B  hy  C  and 

divide  bv  .4. 


A  =  True  lead  of  screw  C  =  Gear  for  stud 
B  =  Thread  to  be  cut 
D  =  Gear  for  screw 


A  —  True  lead  of  screw 

C 

D 


.Multiply  .4  by  D  and 
divKle  by  B 


Gear  for  stud 
Gear  for  screw 


B  =  Thread  that 
will  be  cut 


I 


Multiply  .4  by  D  and 
divide  bv  C 


GEARS  FOR  SCREW-CUTTING 


Geajl  trains  for  screw-cutting  are  usually  arranged  similarly  to 
the  illustration.  Fig.  i.     If  the  gear  E  on  the  lathe  spindle  has  the  same 
number  of  teeth  as  the  gear  H  on  the  stud  5,  the  lathe  is  geared 
even,  «.«.,  gears  having  the  same  teeth  placed  on  both  stud  and  lead 
screw  will  cut  a  thread  like  the  lead  screw.     As  sho\%'n,  the  gears 
are  out  of  mesh  because  the  tumbler  gears  F  and  G  do  not  mesh  with 
jE;  but  moving  the  handle  /  do^^Ti  thro>vs  F  into  mesh  with  E  so  the 
drive  is  through  E,  F,  G,  // ,  5  and  intermediate  to  L,  drivvtv^  >^  'sft 
.as  to  cut  a  right-hand  screw  if  it  is  a  righl-haivd  vYvreaA^^s  \^  \asM^'i 
the  case.     Raising  handle  I  cuts  out  F  enlire\y  aivd  tev^vs«s»  N^vfc  ^^^^*^- 
tkm  of  the  kad  screw. 


4  SCREW  THREADS 

To  follow  the  [notion  of  a  train  of  gears,  take  a  stick  (or  your  finger 
if  (hey  are  no!  ninning)  and  trace  the  motioii  from  the  driver  to 
the  end  as  shown  by  the  dotted  lines  in  ^,  B,  C  and  D. 

When  a  lathe  is  compound  geared  the  slud  gear  drives  an  auxil- 
iaiy  gear  as  A,  which  multiplies  or  reduces  the  motion  as  the  case 
may  be.     It  will  readily  be  seen,  if  the  stud  drives  A  and  B  drives  Z, 


A  SCREW-THREAD  AHGLE  TABLE 

The  accompanying  table  gives  (he  angle  of  helii  of  various  pitches 
and  diameters  with  respect  to  a  line  perpendicular  to  the  axis.  These 
angles  were  worked  Wut  with  the  idea  of  using  them  for  grinding 
thread  tools  for  threads  of  various  pitches  upon  different  diameters 
of  work.  This  table  will  enable  one  to  set  the  protractor  at  the 
proper  angle  of  side  clearance  for  the  work  in  band  and  grind  the 
thread  tool  correctly  without  guessworii. 


Thbead  Ancle  Table 
thkeads  pee  djch  —  p 
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A  SCREW-THREAD  ANGLE  TABLE 


1  the  ad- 
vance of  the  work  in  one  Tcvolution  instead  of  ~,  as  given  in  the 
taHe.  P 

It  is  customary  in  many  shops  to  have  several  tliread  tools  in  stock 
to  cut  these  various  thread  angles,  each  cutting  within  a  certain 
range  of  angles.  This  table  will  be  useful  in  delermining  the  best 
range  for  esich  thread  toed. 


P  —  Pitch  —  Threads  per  inch.p  —  Lead  —  L 

D  •-  Diameter  ci  work  in  inches.     «■  —3.1416  —  t 

C  —  Qrcumference  of  Work  in  inches  ~r  D 


C       Circumference  of  Work 

Find  Angle  in  Table  of  Tangents 


"  Tangent  of  Angle 


l^BEAS  Angle  Tabix 

THBEADS   PER   INCH  —  P 
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6  SCREW  THREADS 

Figs.  2  and  3  show  side  and  front  elevations  of  the  thread  tool 
and  of  the  protractor  as  appUed  to  obtain  the  proper  angle  of  side 
clearance  to  cut  a  right-haiid  screw  thread.  The  front  edge  of  the 
thread  tool  is  used  to  determine  the  angle  of  side  clearance.  Fig.  4 
shows  a  section  taken  along  the  line  a  6,  Fig.  2.  It  will  be  noticed 
that  line  e  f  is  shorter  than  G  H  to  give  clearance  to  the  cutting 
edges  of  the  thread  tool,  and  also  that  G  R  is  equal  to  H  R  and  e  S 
is  equal  to  /  5.  The  angle  of  the  helix  at  half  the  depth  of  the 
thread,  Fig.  5.,  can  be  used,  if  desired,  and  can  be  approximated  to 
from  the  table,  or  figured  exactly  by  the  method  given  at  the  top  of 
the  table. 


TIG.  2 


riG.  3 


no.  4 

The  Use  of  the  Protractor 


FIG.  5 


MULTIPLE  THREAD  CUTTING 


The  accompanying  table  will  be  found  useful  when  cutting  mul- 
tiple threads.  When  one  thread  is  cut,  the  feed  nut  may  be  opened 
(the  spindle  of  cQUrse  being  stopped)  and  the  carriage  moved  along 
by  hand  the  distance  given  in  the  table;  the  nut  is  then  closed  on 
the  screw  and  the  next  thread  cut.  This  is  a  quick  and  sure  method 
of  starting  the  second,  third  or  fourth  thread  where  the  lead  screw 
of  the  Jathe  is  of  the  pitch  given  in  the  table. 


MULTIPLE  THREAD   CUTTING 


Table  for  Multiple  Thread  Cutting 


Cut 

Thread  on  Lead 
Screw 

Move  Carriage 

DOUBLE 

I 

Even 

i    inch 

li 

Any 

2    inch 

li 

Any 

I    inch 

2 

4 

J  inch 

2i 

Any 

2    inch 

2i 

Any 

I    inch 

3 

Even 

i  inch 

3i 

Any 

2    inch 

3i 

Any 

I    inch 

4 

8 

J  inch 

4i 

Any 

2    inch 

4i 

Any 

I    inch 

5 

Even 

i  inch 

Si 

Any 

I    inch 

TRIPLE 

I 

6 

Y 

or  2  threads  on  lead  screw 

li 

6 

iV 

or  8  threads  on  lead  screw 

li 

6 

¥ 

or  4  threads  on  lead  screw 

2 

6 

V 

or  I  thread  on  lead  screw 

2i 

6 

ir 

or  8  threads  on  lead  screw 

2i 

6 

V 

or  4  threads  on  lead  screw 

QUADRUPLE 

I 

4 

J  inch 

li 

Any 

I    inch 

li 

Even 

J  inch 

2 

8 

1  inch 

ai 

Any 

I    inch 

2i 

Even 

J  inch 

To  cut  a  double  thread  screw  3}  to  the  inch:  the  lathe  must  be 
geared  the  same  as  for  a  single,  triple  or  quadruple  thread.  The 
tool  will  of  course  have  to  be  the  same  width  and  the  depth  of  cut 
the  same  as  for  a  7  per  inch  screw.  After  the  first  thread  is  cut  it 
will  appear  very  shallow  and  wide.  With  the  lathe  spindle  idle, 
the  nut  is  opened  and  the  carriage  moved  (in  either  direction)  i 
inch;  the  nut  is  then  closed  on  the  lead  screw  and  the  tool  is  in  the 
proper  position  to  make  the  second  cut. 

If  the  carriage  were  moved  2  inches,  the  tool  could  follow  exactly 
the  first  groove  cut.    In  the  case  of  a  triple-thread  screw,  if  the  car- 
riage were  moved  3  inches,  the  tool  would  follow  its  ot\^2\  ^^"Ccv^ 
and  it  would  do  the  same  in  the  case  of  a  quadrupVe  VJnieaA  \l  tc^on^ 
4  inches. 


8  SCREW  THREADS 

The  carriage  can,  of  course,  be  moved  i  inch  and  the  nut  closed 
no  matter  what  the  pitch  of  the  lead  screw  may  be  (unless  it  is  frac- 
tional), but  in  order  to  close  the  nut  after  moving  }  inch,  the  screw 
must  have  some  even  number  of  threads  per  inch. 

As  will  be  seen  b^  referring  to  the  table,  a  lead  screw  with  an;r 
even  number  of  threads  per  inch  is  used  in  a  number  of  cases,  while 
in  several  other  instances  the  screw  may  be  of  any  [Htch  —  either 
odd  or  even.  In  certain  cases  4  and  S  per  inch  lead  screws  are 
specified;  and  in  cutting  triple  threads  a  6  per  inch  screw  is  required. 


Fig.  6.—  Face-Plate  for  Multiple  Thread  Cutting 


FACE-PLATE  FOR  JtULTIPLE  THREAD  CUTTING 

Fic.  6  shows  a  face-plate  fixture  used  on  various  numbers  of 
threads.  On  an  ordinary  driving  plate  is  fitted  a  plale  having,  as 
shown,  twelve  holes  enabling  one  to  get  two,  three,  four  or  six  feads 
if  required.  This  rinp  rarries  the  driving  stud,  and  is  clamped  at 
the  b^k  of  the  plate  by  two  bolls  as  an  extra  safeguard.  All  that 
is  necessary  in  operation  is  to  slack  off  the  bolts,  withdraw  the  index 
pin,  move  the  piate  the  number  of  holes  required,  and  re-tighlen 
the  bolls.  It  is  used  on  different  lathes,  as  occasion  requires,  by  ■ 
making  the  driving  plates  alike  and  drilling  a  hole  for  the  mdex  pin. 
It  is  found  that  Ibe  index  pin  works  best  when  made  taper,  and  a 
light  tap  is  sufficient  to  loosen  or  fix  it. 


CDTTIHG  DIAMETRAL  PITCH  WORHS  DC  THE  LATHE 

The  accompanying  table  is  to  be  used  in  cases  where  fractional 
worm-thread  cutting  13  necessary  for  diametrical  pitch  worm  threads 
b>  mesh  into  diametral-pitch  worm  gears. 


CUTTING   DIAMETRAL  PITCH  WORMS  9 

IBLE  OF  Chance  Gears  sov  Diametral  Pitch  Wobhs 
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ie  first  column  is  found  the  diametral  pitch  to  be  cut.     In  the 

column  is  found  the  corresponding  single  depth  of  the  worm 

Under  the  third  column  is  found  the  width  of  the  tool  at 

int,  the  tool  being  the  r^ular  29-d^ree  inchided  angle.     In 

irth  column  is  found  (he  width  at  (he  top  of  the  woitq.  iJiTsai.. 
next  headi:^  in  the  chart  is  "Pilcb  <A  \tad  «;Tev,"  »»A.V«« 

ind  different  pitches  of  lead  screws  tronv  i  \a  \r>. 


lo  SCREW  THREADS 

Example;  Suppose  it  is  desired  to  cut  a  worm  thread  of  4  diametral  '< 
pitch  on  a  single-geared  lathe  having  a  6-pitch  lead  screw.  Now,  ] 
opposite  4  in  the  first  column  find  the  single  depth  of  worm  thfead,  « 
or  0.540  inch;  and  continuing  in  the  same  direction  from  left  to 
right,  under  the  next  column  find  the  width  of  the  worm-thread  tool 
at  the  point  or  end,  which  is  0.243  inch,  and  so  on  to  the  next  column 
where  is  found  the  width  of  the  worm  thread  at  the  top,  which  is 
0.263  inch.  Say  there  is  a  6-pitch  lead  screw  on  the  lathe.  Then 
follow  right  on  in  the  same  direction  until  coming  to  the  square 
under  6,  and  the  gear,  will  be  in  the  ratio  of  Y.  Of  course  there  is 
no  7  gear  on  the  lathe,  so  simply  bring  the  fraction  y  to  higher 
denominations^  say,  Y  X  f  =  ?f :  that  is,  put  the  99  gear  on  the 
spindle  or  stud,  and  the  21  gear  on  the  screw.  Then  use  a  gear  of 
any  convenient  size  to  act  as  an  intermediate  gear,  and  thus  connect 
the  gear  on  the  spindle  with  the  gear  on  the  screw.  Taking  the 
fraction  Y  and  multiplying  the  numerator  and  denominator  by  4, 
would  give  V^  as  the  two  gears  to  be  used.  It  will  be  seen  that  this 
last  fraction  simply  changes  the  number  of  teeth  in  the  gears,  but 
does  not  change  the  value  of  the  fraction;  thus  there  is  the  same  ratio 
of  gears. 

Take  another  case:  Suppose  it  is  desired  to  cut  a  20-diametraI 
pitch  worm  thread  in  a  lathe  having  a  4-pitch  lead  screw.  What 
would  be  the  necessary  gears  to  cut  the  desired  thread?  Next  to 
20  in  the  first  colunm  is  round  the  single  depth  of  the  worm  thread, 
which  is  0.108  inch.  Continuing  on,  reading  from  left  to  right  as 
in  the  first  case,  and  0.048  inch  is  found  as  the  width  of  the  tool  at 
the  point.  In  the  next  column  is  found  the  width  at  the  top  of  the 
worm  thread,  which  in  this  case  is  0.053  inch.  Under  column  4,  and 
opposite  20,  are  found  the  gears  necessary  for  cutting  a  20-diaraetral 
pitch  worm  thread  in  a  lathe  with  a  4-pitch  lead  screw.    The  gears 

thus  found,  namely,  —  may  not  be  in  the  regular  set  of  gears 

35  screw 

furnished  with  the  lathe.     In  that  case  double  up  on  both  and  make^J 

it —         ,  which  is  the  same  in  value.    The  two  examples  thus 
70  screw 

worked  out  could  have  been  cut  on  lathes  with  lead  screws  having 

any  number  of  threads  per  inch,  with  the  same  result.     One  point 

in  cutting  these  threads  is  that  the  tool  must  be  of  exact  dimensions 

all  over,  for  if  it  is  not  exactly  29  degrees  included  angle,  or  the  point 

is  not  as  it  should  be  for  width,  then  there  will  be  an  error  in  the 

worm  thread  all  around. 

THE  BROWN  &  SHARPE  ip-DEGREE  WORM  THREAD 
AND  THE  ACME  29-DEGREE  STANDARD 

SCREW  THREAD 

There  seems  to  be  some  confusion  among  mechanics  regarding 
the  29-degree  Acme  standard  screw  thread  and  the  Brown  &  Sharpe 
29-degree  worm  thread. 

The  sketches,  Figs.  7  and  8,  show  plainly  the  difference  be- 
tween  threads  of  the  same  pitch  in  the  two  systems.    The  sectional 


MEASUREMENT  OF  V-TOOLS 


II 


views  are  of  threads  of  one-inch  linear  pitch  drawn  to  scale  to  the 
proportions  given  by  the  thread  formulas  in  connection  with  the 
complete  tables  of  the  two  systems  of  threBuis  as  given  on  pages  fol- 
lowing. 


Fig.  7.  —  Acme  29-Degree  Screw  Thread 


I 


Fig.  8.  —  Brown  &  Sharpe  29-Degree  Worm  Thread 


MEASUREMENT  OF  V-TOOLS 

The  accompanying  table  of  angle  measurements  should  prove  of 
convenience  to  all  who  make  tools  for  cutting  angles  or  make  the 
gages  for  these  tools. 

The  principle  here  adopted  is  that,  on  account  of  the  difficulty 
and  in  some  cases  the  impossibility  of  measuring  the  tool  at  its  point, 
the  measurement  is  taken  on  the  angle  of  the  tool  at  a  given  distance 
from  the  point.  In  this  case  the  true  measurement  will  be  less  than 
the  actual  measurement  by  an  amount  equal  to  twice  the  taja%«c*.  <2&. 
half  of  the  angle  multiplied  by  the  distance  oi  \)afc  Wasi  oi  TaeasMss:' 
ment  from  the  point. 
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SCREW  THREADS 


For  making  the  measurement  the  Brown  &  Sharpe  gear-'tootb 
caliper  may  be  used.  Fig.  9  shows  this  tool  in  position  for  measur- 
ing. The  depth  vernier  ^  is  set  to  a  given  depth  h,  and  the  meas- 
urement is  taken  by  means  of  the  vernier  B.    The  width  of  the  tool 

point  X  is  equal  to  the  measurement  on  the  line  a  b  less  2h  I  tan,  ~  J .  To 

use  the  table,  h  is  always  taken  to  be  ^^  inch,  which  is  found  to  be 
a  convenient  depth  for  most  work.  If  a  greater  depth  is  required, 
all  that  is  necessary  is  to  multiply  the  figures  given  by  the  ratio  of 
the  required  depth  to  -j^  inch.     For  instance,  if  the  depth  is  required 


M/eiH 


Fig,  9. — Measuring  Thread  Tools 


to  be  J  inch,  the  figures  given  are  multiplied  by  2.  In  the  great 
majority  of  cases,  -^  will  be  found  a  suitable  value  for  //,  when  to 
find  the  width  of  the  point  a;  it  is  merely  necessary  to  deduct  the 

,       C 

tan.-- 
2 
value  of  — r—  for  the  angle  required,  which  can  be  obtained  at  a 

o 

glance  from  the  table. 

In  the  case  of  the  Sellers  or  United  States  standard  thread,  the  point 
of  the  tool  should  be  one-eighth  of  the  pitch  of  the  screw,  while  in 
the  Whitworth  standard,  as  shown,  the  point  of  the  tool  would  be 
one-sixth  of  the  pitch  if  it  were  not  rounded.  By  using  these  fig- 
ures in  combination  with  the  table,  it  can  be  determined  when  suffi- 
cient has  been  ground  from  the  point  of  the  tool. 

The  table  is  called  **  Table  for  Angle  Measurements,"  because  if 
a  sharp  angle,  that  is,  one  without  the  point  ground  away,  is  meas- 
ured as  above,  this  measurement,  by  reference  to  the  table,  will  give 
the  angle  direct. 


GRINDING  THE  FLAT  ON  THREAD   TOOLS 
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Table  for  V-Tool  Angle  Measttrements 


c 

C 

C 

*a«.  — 

kin.  — 

tan.  — 

Degrees 

3 

Degrees 

3 

Degrees 

3 

8 

8 

8 

I 

O.OOII 

31 

0.0346 

61 

0.0736 

2 

0.0022 

32 

0.0358 

62 

.0.0751 

3 

0.0033 

33 

0.0370 

63 

0.0766 

4 

0.0044 

34 

0.0382 

64 

0.0781 

5 

0.0055 

'  35 

0.0394 

65 

0.0796 

6 

0.0066 

36 

0.0406 

66 

0.081 1 

7 

0.0077 

37 

0.0418 

67 

0.0827 

8 

0.0088 

38 

0.0430 

68 

0.0843 

9 

0.0099 

39 

0.0442 

69 

0.0859 

10 

O.OIIO 

40 

0.0454 

70 

0.0875 

II 

O.OI2I 

41 

0.0466 

71 

0.0891 

12 

0.0132 

42 

0.0489 

72 

0.0908 

13 

0.0143 

43 

0.0492 

73 

0.0925 

14 

0.0154 

44 

0.0505 

74 

0.0942 

15 

0.0165 

45 

0.0518 

75 

0.0959 

16 

0.01 76 

46 

0.0531 

76 

0.0976 

17 

0.0187 

47 

0.0544 

77 

0.0994 

18 

0.0198 

48 

0.0557 

78 

O.IOI2 

19 

0.0209 

49 

0.0570 

79 

0.1030 

20 

0.0220 

50 

0.0583 

80 

0.1048 

21 

0.0231 

51 

0.0596 

81 

0.1067 

22 

0.0242 

52 

0.0609 

82 

0.1086 

23 

0.0253 

53 

ao623 

83 

0.1 105 

24 

0.0264 

54 

0.0637 

84 

O.II25 

25 

0.0275 

55 

0.0651 

85 

O.II45 

26 

0.0286 

56 

0.0665 

86 

0.1 165 

27 

0.0298 

57 

0.0679 

87 

O.I  186 

28 

0.0310 

58 

0.0693 

88 

0.1207 

29 

0.0322 

59 

0.0707 

89 

0.1228 

30 

0.0334 

60 

0.0721 

90 

0.1250 

GRINDING  THE  FLAT  ON  THREAD  TOOLS 

To  facilitate  grinding  the  correct  width  of  flat  for  the  single-point 
inserted  tool  to  cut  United  States  standard  form  of  threads  the  ac- 
companying table  on  pages  14  and  15  has  been  prepared.  The  dis- 
tance from  the  point  of  the  tool  to  the  back  is  first  measured  with 
the  micrometer,  then  the  point  of  the  tool  may  be  ground  off  until 
the  micrometer  measurement  from  the  back  is  equal  to  the  whole 
depth  minus  dimension  Aj  when  we  may  be  sure,  without  under- 
taking the  difficult  job  of  measuring  it  directly,  iVv^l  \>afe  ^^-a!^ 'B ^n»s» 
the  proper  width.  The  dimensions  A  and  B  lot  ^\\.c\vfts»  Vcoxa.  -^  V':* 
64  threads  per  inch  are  included  in  the  table. 
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ThMda 
pulsch 

Hich 

>■ 

» 

c 

:>oubJe 
Dtpib 

Depth 

J 

000 

1064 

125 

1081    1 

299 

6495 

°S3  = 

0625 

0541 

6495 

3 '47 

3 

3333 

03  55 

0416 

433 

3165 

4 

SJOO 

□266 

0313 

0270 

3  "47 

1623 

s 

0113 

0350 

05l6 

=5q8 

1299 

6 

1666 

017; 

020S 

0180 

Ji6s 

icli 

7 

.4^8 

0153 

0.78 

01 54 

■85s 

0927 

8 

IIJO 

0133 

0156 

"•35 

1633 

0812 

g 

0118 

0138 

■443 

0731 

0106 

OII5 

0108 

1299 

0649 

ogog 

00963 

0113 

0098 

J 180 

0592 

0833 

1082 

0541 

13 

0769 

00818 

0083 

0999 

0499 

0714 

00758 

00S9 

0077 

0920 

IS 

0666 

00707 

00S3 

0071 

0S66 

0433 

i6 

<*2S 

00673 

0079 

0068 

0813 

0406 

17 

0S88 

00620 

0073 

0063 

0764 

038a 

i8 

oSSS 

00588 

0069 

0059 

OJJI 

0360 

•9 

05.6 

00554 

0065 

0056 

0683 

0341 

0500 

00530 

0054 

0649 

03=4 

0476 

00503 

0059 

0051 

q6i8 

0309 

0454 

0048 

0056 

0049 

0590 

0295 

="3 

0431 

00451 

™S3 

0046 

0564 

0282 

14 

0416 

00433 

0052 

0045 

OS4I 

^ 

0400 

00426 

0050 

0043 

0519 

02S9 

26 

0384 

00409 

0048 

0491 

0245 

^Z 

037° 

00393 

0040 

0481 

18 

"357 

00375 

0038 

0463 

0331 

39 

0344 

00366 

0447 

0223 

30 

°3ii 

00354 

0036 

0433 

3' 

0331 

00341 

°°35 

0419 

0209 

3' 

o3" 

00333 

0039 

0034 

0405 
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Table  for  Grinding  Flat  End  op  Tool  for  Cutting  U.  S 

Form  of  Thread 


Threads 
per  Indi 

Pitch 

A 

B 

C 

Double 
Depth 

Depth 

33 

•0303 

.00315 

.0037 

.0032 

.0393 

.0196 

34 

.0294 

.00307 

.0036 

.0031 

.0382 

.0191 

35. 

.0285 

.00295 

.0035 

.0030 

.0370 

.0185 

36 

.0277 

.00289 

.0034 

.00295 

.0360 

.ot8o 

37 

.0270 

.00281 

.0033 

.00286 

.0350 

•0175 

38 

.0263 

.00272 

.00325 

.00282 

.0341 

.0170 

39 

.0256 

.00268 

.00320 

.00277 

•0333 

.0166 

40  • 

.0250 

.00264 

.00312 

.00270 

.0324 

.0162 

41 

.0243 

.00255 

.00303 

.00262 

.0319 

.0159 

42 

.0238 

.00251 

.00295 

.00257 

•0309 

.01545 

43 

.0232 

.00247 

.00290 

.00251 

.0302 

.01520 

44 

.0227 

.00238 

.00283 

.00245 

.0295 

.0147 

45 

.0222 

.00233 

.00277 

.00240 

.0290 

.0145 

46 

.0217 

.00230 

.00271 

.00235 

.0282 

.0141 

47 

.0212 

.00225 

.00265 

.00230 

.0274 

.0137 

48 

.0208 

.00221 

.00260 

.00225 

.0270 

.0135 

49 

.0204 

.00217 

.00255 

.00220 

.0263 

.0131 

50 

.02CX> 

.00213 

.00250 

.00216 

.0258 

.0129 

51 

.0196 

.00208 

.00245 

.00212 

.0254 

.0127 

52 

.0192 

.00204 

.00240 

.00208 

.0249 

.01245 

53 

.0188 

.00200 

.00235 

.00203 

.0245 

.01225 

54 

.0185 

.00196 

.00231 

.00200 

.02405 

.01 202 

55 

.<5i8i 

.00192 

.00226 

.00196 

.0236 

.0118 

56 

.0178 

.00189 

.00222 

.00192 

.0232 

.0116 

57 

.0175 

.00185 

.00218 

.00189 

.0228 

.0114 

58 

.0172 

.00184 

.00215 

.00186 

.0223 

.01115 

59 

.0169 

.00180 

.00211 

.00183 

.02201 

.0110 

60 

.0166 

.00177 

.00208 

.00180 

.02165 

.01082 

61 

.0163 

.00173 

.00203 

.00177 

.02119 

.01059 

62 

.0161 

.00172 

.00202 

.00175 

.02095 

.01047 

63 

.0158 

.00169 

.00198 

.00171 

.02061 

.oYo-ipk 

64 

.0156 

.00167 

.00196 

.00169 

y  .o202() 

\  .OVCiV\ 
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Table  of  U.  S.  Standard  Screw  Threads 


fp»  Pitch' 


I  No.  Threads  per  Inch 

d»  Depth—  p  X  MBBi 
f=-Flat-JB. 
8 


Diam. 

Threads 

Pitch 

Depth  of 
Thread 

Diam.  at  Root 

Width  of 

of  Screw 

to  Inch 

of  Thread 

Flat 

I 

20 

.0500 

•0325 

.185 

.0063 

A 

l8 

.0556 

.0361 

.2403 

.0069 

i 

i6 

.0625 

.0405 

.2936 

.0078 

A 

14 

.0714 

.0464 

•3447 

.0089 

i 

13 

.0769 

.0499 

.4001 

.0096 

A 

12 

.0833 

.0541 

•4542 

.0104 

II 

.0909 

.0591 

.5069 

.01 14 

lO 

.1000 

.0649 

.6201 

.0125 

9 

.nil 

.0721 

•7307 

•0139 

8 

.1250 

.0812 

.8376 

•.0156 

7 

.1429 

.0928 

.9394 

•0179 

7 

.1429 

.0928 

1.0644 

.0179 

6 

.1667 

.1082 

1-1585 

.0208 

6 

.1667 

.1082 

1.283s 

.0208 

5i 

.1818 

.1181 

1.3888 

.0227 

5 

.2000 

.1299 

1.4902 

.0250 

5 

.2000 

.1299 

1.6152 

.0250 

2 

4^ 

.2222 

.1444 

1.7113 

.0278 

si 

4i 

.2222 

.1444 

1.9613 

.0278 

^i 

4 

.2500 

.1624 

2.1752 

-0313 

^i 

4 

.2500 

.1624 

2.4252 

-0313 

3 

3i 

.2857 

.1856 

2.6288 

-0357 

3i 

3i 

.2857 

.1856 

2.8788 

-0357 

3i 

3i 

.3077 

.1998 

3.1003 

-0385 

3i 

3 

•3333 

.2165 

3-3170 

.0417 

4 

3 

'3333 

.2165 

3.5670 

.0417 

4i 

2i 

•3478 

.2259 

3.7982 

•0435 

4^ 

2! 

.3636 

.2362 

4.0276 

-0455 

4i 

2f 

.3810 

.2474 

4.2551 

.0476 

5 

2i 

.4000 

.2598 

4.4804 

.0500 

5i 

2i 

.4000 

.2598 

4.7304 

.0500 

5^ 

2| 

.4210 

•2735 

4.9530 

.0526 

5i 

2| 

.4210 

•2735 

5.2030 

.0526 

6 

2i 

.4444 

.2882 

5.4226 

.0556 

SHARP  V  THREADS 
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Table  of  Sharp  "V"  Screw  Threads 

H D J 


fp  -  Pitch 1 

Formula  i  No.  Threads  per  lach 


l^d""  Depths,  p  X  J 


Diam. 
of  Screw 


i 

f 

i 

A 
I 

i 

a 
i 


I 

i» 
li 
If 

li 
It 

li 

ij 

2 

2| 
2i 
2| 
2i 
2f 
2i 
2} 

3 

3t 
3i 
3l 

3l 
3i 
3i 
4 


No.  Threads 
per  Inch 


20 
18 
16 

14 

12 
12 
II 
II 
10 
10 

9 

9 
8 

7 

7 
6 

6 


5 

5 

4i 

4^ 

4i 

4^ 

4i 

4 

4 

4 

4 

3^ 

3i 

3i 

3i 

3i 

3i 

3 

3 

3 


Pitch 


.0500 

•0556 
.0625 
.0714 

.0833 

•0833 
.0909 

.0909 

.1000 

.1000 

.nil 

.nil 

.1250 

.1429 

.1429 

.1667 

.1667 

.2000 

.2000 

.2222 

.2222 

.2222 

.2222 

.2222 

.2500 

.2500 

.2500 

.2500 

.2857 

.2857 

•2857 

•3077 

•3077 

•3077 

•3333 

'3333 

•3333 


Depth  of 
Thread 


•0433 
.0481 

.0541 

.0618 

.0722 

.0722 

.0787 

.0787 

.0866 

.0866 

.0962 

.0962 

.1083 

•1237 

•1237 

.1443 

•1443 

•1733 

•1733 
.1924 

.1924 

.1924 

.1924 

.1924 

.2165 

.2165 

.2165 

.2165 

.2474 
.2474 

.2474 

.2666 

.2666 

.2666 

.2886 

.2886 

.2?>?»6 


Diam.  at  Root 
of  Thread 


\ 


.1634 
.2163 
.2667 
.3140 

•3557 
.4182 

.4676 

•5301 
.5768 

•6393 
.6826 

•7451 

.7835 
.8776 

1.0026 

1.0864 

1.2114 

1.2784 

1.4034 

1.4902 

1.6152 

1.7402 

1.8652 

1.9902 

2.0670 

2.1920 

2.3170 

2.4420 

2.5052 

2.6301 

2.7551 
2.8418 

2.9668 

3.0918 

3-1727 
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Table*  OF  Whitwo&th  Standard  Screw  Thbkads 


[p.Bitoii 


I  No,  ThuMds  per  loch 

Fon&al«<<d-> Depth .p  y.MDBI 

(^r-BMli]is-px.]aa 


Diam.  of  Screw 

No.  of 
Threads 
per  inch 

Pitch 

Depth  of 
Thread 

Diam.  at  Root 
of  Thread 

i 

20 

.0500 

.0320 

.i860 

A 

l8 

•0556 

.0356 

.2414 

A 

l6 

.0625 

.0400 

.2950 

14 

.0714 

.0457 

.3460 

i 

12 

.0833 

•0534 

•3933 

A 

12 

.0833 

•0534 

•4558 

1 

II 

.0909 

.0582 

.5086 

H 

II 

.0909 

.0582 

•57" 

i 

lO 

.1000 

.0640 

.6219 

t» 

lO 

.1000 

.0640 

.6844 

i 

9 

.nil 

.0711 

•7327 

8 

.1250 

.0800 

•8399 

it 

7 

.1429 

.0915 

.9420 

xi 

7 

.1429 

.0915 

1.0670 

i| 

6 

.1667 

.1067 

1.1616 

li 

6 

.1667 

.1067 

1.2866 

i« 

5 

.2000 

.1281 

1.3689 

ij 

5, 

.2000 

.1281 

1-4939 

2 

4i 

.2222 

.1423 

1-7154 

2i 

4 

.2500 

.1601 

1.9298 

2i 

4 

.2500 

.1601 

2.1798 

2i 

3^ 

•2857 

.1830 

2.3841 

3 

3^ 

.2857 

.1830 

2.6341 

3i 

3i 

•3077 

.1970 

2.8560 

3i 

3i 

•3077 

.1970 

3.1060 

3i 

3 

'3333 

.2134 

3-3231 

4 

3 

•3333 

•2134 

3-5731 

4i 

2l 

.3478 

.2227 

4.0546 

5 

2i 

.3636 

.2328 

4-5343 

5i 

2f 

.3810 

.2439 

5.0121 

6 

2^ 

.4000 

.2561 

5-4877 
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Table  of  British  Association  Screw  Threads 


Fomiala 


f 


Pitch 

Depth  >.  p  X  .6 


r->Badiii8« 


2xp 
U 


Num- 

Diam. 
of  Screw 

Approxi- 
mate           F 

itch 

I 
Api»oximate 

>.^h 

Diam. 
at  Root  of 

ber 

Diam.          n 

nm. 

Pitch  Inches      T 

hread 

Thread 

mm. 

Inches 

mm. 

mm. 

0 

6.0 

.236      '    I 

,0 

.0394 

.6 

4.8 

I 

5-3 

.209 

.9 

•0354 

■54 

4.22 

2 

4.7 

.185 

.81 

.0319 

.485 

3-73 

3 

4.1 

.161 

.73 

^0287 

.44 

3-22 

4 

3.6 

.142 

.66 

.0260 

■395 

2.81 

"5 

3-2 

.126 

•59 

.0232 

•355 

2.49 

6 

2.8 

.110 

■53 

.0209 

•32 

2.16 

7 

2.5 

.098 

.48 

.0189 

.29 

1.92 

8 

2.2 

.087 

•43 

.0169 

.26 

1.68 

9 

1.9 

•075 

•39 

.0154 

•235 

1.43 

10 

1-7 

.067 

•35 

.0138 

.21 

1.28 

II 

1-5 

•059 

31 

.0122 

185 

1.13 

12 

1-3 

.051 

28 

.0110 

17 

.96 

13 

1.2 

.047 

25 

.0098 

15 

.9 

14 

I.O 

.039 

23 

.0091 

14 

.72 

IS 

•9 

•035 

21 

.0083 

125 

.65 

16 

.79 

.031 

19 

.0075 

115 

.56 

17 

.70 

.028 

17 

.0067 

10 

.50 

18 

.62 

.024 

15 

.0059 

09 

.44 

19 

.54 

.021 

14 

.0055 

085 

.37 

20 

.48 

.019 

12 

.0047 

07 

.34 

21 

.42 

.017 

II 

.0043 

065 

.29 

22 

•37 

.015 

10 

.0039 

06 

.25 

23 

'33 

.013 

09 

•0035 

055 

.22 

24 

.29 

.011 

08 

.0031 

05 

I        -19 

25 

.25 

m 

.010 

07 

.0028       I 

.0^ 

\  -^^ 

FRENCH  (METRIC)  STANDARD  SCREW  THREADS 


-- *l 


p- Pitch 
Vonaula^  d>»I>ei>th  —  p  x 

^  8 


^^» 

^^» 

Diameter  of 

PJtrh 

Diameter  at  Root 

Width  of 

Screw  mm. 

mm. 

of  Thread  mm. 

Flat  mm. 

3 

0.5 

2-55 

.06 

4 

0-75 

3.03 

•09 

S 

0-75 

4.03 

•09 

6 

ix> 

4.70 

•13 

7 

1.0 

5-70 

•13 

8 

1.0 

6.70 

•13 

8 

1.25 

6.38 

.16 

9 

1.0 

7.70 

•13 

9 

1. 25 

7.38 

.16 

lO 

1-5 

8.05 

.19 

II 

1.5 

9.05 

.19 

12 

1-5 

10.05 

.19 

12 

1-75 

9i73 

.22 

14 

2.0 

1 1 40 

.25 

i6 

2.0 

1340 

•25 

i8 

2.5 

14.75 

•31 

20 

2.5 

16.75 

•31 

22 

2.5 

18.75 

•31 

22 

3-0 

18.10 

.38 

24 

3-0 

20.10 

.38 

26 

3-0 

22. TO 

.38 

27 

3-0 

23.10 

.38 

28 

3-0 

24.10 

.38 

30 

3-5 

2545 

44 

32 

3.5 

2745 

44 

33 

3.5 

2845 

44 

34 

3-5 

2945 

44 

36 

4.0 

30.80 

•5 

38 

4.0 

32.80 

•5 

39 

4.0 

33-8o 

•5 

40 

4.0 

34.80 

•5 

42 

4.5 

36.15 

.56 

44 

4.5 

38.15 

.56 

45 

4.5 

39-15 

.56 

46 

4.5 

40.15 

.56 

48 

5-0 

41.51 

.63 

50 

5-0 

43-51 

.63 

52 

5-0 

45.51 

.63 

56 

5-5 

48.86 

.69 

60 

5-5 

52.86 

.69 

64 

6.0 

56.21 

•75 

68 

6.0 

60.21 

•75 

72 

6.5 

63-56 

.81 

76 

6.5 

67.56 

•      .81 

^                  J 

7.0 

70.91 

.88 

INTERNATIONAL  STANDARD  THREADS 


Scrtw 

Smvr 

6 

i.t« 

18 

3.50 

39 

4.00 

68 

6.D0 

7 

•i° 

42 

4.50 

72 

76 

9 

I. '5 

34 

48 

S.oo 

7.00 

'■5° 

J7 

00 

52 

S.oo 

7-So 

1.50 

3a 

so 

5o° 

96 

a.oo 

10 

64 

1,6 

i6 

2.00 

rarERHATIOHAL  STAHDARD  THREADS 

At  the  "Congress  International  pour  L'Unificaiion  des  Filetages," 
held  in  Zurich,  October  24,  i8[)8,  the  following  resolutions  were 
adopted: 

The  Congress  has  undertaken  the  task  of  unifying  the  threads  of 
machine  screws,  it  recommends  to  all  those  who  wish  to  adopt  the 
metric  system  of  threads  to  make  use  of  the  proposed  system.  This 
system  is  the  one  which  has  been  established  by  the  "  Society  for  the 
Encouragement  of  National  Industries,"  with  the  following  modi- 
fication adopted  by  this  Congress. 

r.  The  clearance  at  the  bottom  of  thread  shall  not  exceed  ^  part 
of  the  hight  of  the  original  triangle.  The  shape  of  the  bottom  of 
the  thread  resulting  from  said  clearance  is  left  to  [he  judgment  of 
the  manufacturers.  However,  the  Congress  recommends  rounded 
profile  for  said  bottom. 

3.  The  table  for  Standard  Diameters  accepted  is  the  one  which 
has  been  proposed  by  the  Swiss  Committee  of  Action.  (This  table 
is  given  above.)  It  is  to  be  noticed  especially  that  i.is  mm.  pilch 
is  adopted  for  8  mm.  diameter,  and  1.75  mm.  pilch  for  13  mm. 
diameter.  The  pitches  of  siies  between  slandatd  AwncXti?.  '«>*' 
cated  in  the  table  are  to  be  the  same  as  for  ftvc  i\ex\  smaBisi  «t»iv4i«'i 
diameter. 
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ROLLED  THREADS 

The  rolled  thread  process  dates  back  more  than  50  years  and  was 
first  patented  in  England.  It  was  first  used  on  comparatively  rough 
work  such  as  track  bcAts  but  has  come  to  be  used  oa  such  fine  work 
as  the  sizing  of  taps  and  screws  for  micrometers. 

The  thread  is  forced  up  into  the  dies  so  Uiat  the  finished  screw  is 

larger  than  the  original  wire  by  about  the  depth  of  one  thread.    In 

this  way  the  size  of  the  wire  to  use  for  any  screw  may  be  found  by 

subtracting  the  depth  of  one  thread  from  the  outside  diameter  of 

866 
the  screw.    This  is -^ ; — -.    Exact  allowance  depends  on 

threads  per  mch 
material  being  rolled  and  other  conditions. 
The  dies  are  usually  flat  plates  of  steel,  having  grooves  of  the  same 

Eitch  and  shape  as  die  thread  to  be  rolled.    The  dies  can  be  easfly 
lid  out  as  follows: 

Draw  a  horizontal  line  equal  in  length  to  the  circumference  of  the 
wire  or  blanky  and  at  its  end  draw  a  vertical  line  equal  to  the  lead  of 
the  screw.  The  diagonal  line  made  by  joining  these  two  points  shows 
the  angle  of  incline  of  the  grooves.  This  can  be  done  more  easily  if 
both  the  circimiference  and  the  pitch  are  laid  out  to  ten  times  their 
actual  dimensions. 


Dimensions  of  Blanks  for  U.  S.  S.  Rolled  Thread  Screws 

(Reed  &  Prince  Mfg.  Co.) 


Size 

T.  P.  I. 

A 

Size 

T.  P.  I. 

A 

i 

40 

.1074 
.1054 

A 

12 

•S063 
.5031 

A 

24 

.1586 
.1566 

f 

II 

.5638 
.5605 

i 

20 

•2IS7 
.2137 

i 

10 

.6828 
.6794 

A 

18 

274$ 
•271S 

i 

9 

.8006 
.7972 

f 

16 

•3325 
.3295 

I 

8 

.9165 
•9131 

A 

14 

.  .3890 
.3860 

li 

7 

1.0298 
1.0262 

^3 

.4480 
.4450 

1 

\  ' 
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ACME  29""  SCREW  THREADS 


3)  =■.»?+. a 

T— .WOfF 


PItth 


8— .OMSP 


The  Acme  standard  thread  is  an  adaptation  of  the  most  com- 
monly used  style  of  Worm  Thread  and  is  intended  to  take  the  place 
of  the  square  thread. 

It  is  a  little  shallower  than  the  worm  thread,  but  the  same  depth 
as  the  square  thread  and  much  stronger  than  the  latter. 

The  various  parts  of  the  Acme  standard  thread  are  obtained  as 
follows: 


Width  of  Point  of  Tool  for  Screw  Thread 

•3707 


No.  of  Threads  per  inch 


Width  of  Screw  or  Nut  Thread  = 
Diameter  of  Screw  at  Root  = 
Diameter  of  Screw 


—  .0052. 

.3707 


No.  of  Threads  per  inch* 


VNo.  of 


Threads  per  inch 


+ 


.020  J. 


Depth  of  Thread  = 


2  X  No.  of  Threads  per  inch 


+  .010. 


Table  of  Acme  29°  Screw  Thread  Parts 


N 

p 

D 

F 

W 

S 

B 

Number  of 
Threads 
per  Inch 

Pitch  of 
Single 
Thread 

Depth  of 
Thread 

Width  of 
Top  of 
Thread 

Width  of 

Space  at 

Bottom  of 

Thread 

Width 
of  Space 
at  Top  of 

Thread 

Thickness 
at  Root 

of 
Thread 

I 
li 

2 

3 
4 

5 
6 

7 
8 

0 

1.0 

.750 
.500 

'3333 
.250 

.200 

.1666 

.1428 

•125 

.1111 

.10 

.5100 

.3850 
.2600 

.1767 

•1350 
.1100 

•0933 
.0814 

•0725 

•0655 
.0600 

•3707 
.2780 

.1853 

•1235 
.0927 

.0741 

.0618 

.0529 

.0463 

.0413 

•0371 

•3655 
.2728 

.1801 

.1183 

.0875 
.0689 

.0566 

.0478 

.0411 

.0361 

.0319 

.6293 
.4720 

•3147 
.2098 

•1573 
.1259 
.1049 
.0899 
.0787 
.0699 
.0629 

•6345 
•4772 

•3199 
.2150 

.1625 

.1311 

.IIOI 

.0951 
.0839 

•0751 
.0681 

ACME  29»  TAP  THREADS 
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ACME  290  TAP  THREADS 


— p. 


kP-*K— S — >| 


If  ""Vok  of  Thnadi  pw  iDoh 


8— .(i«WP-f.O0M 
B— .tSMP-f.006« 


7— ^07P-.OOM 


The  Acme  standard  tap-thread  is  cut  with  the  same  width  of  tool 
as  the  screw-thread  and  the  diameter  at  the  root  is  the  same  for  tap  and 
screw.  Clearance  at  bottom  of  thread  between  screw  and  nut  is 
obtained  by  boring  the  nut  blank  .020  oversize. 

The  outside  diameter  of  the  tap  is  made  .020  larger  than  the  screw 
to  give  clearance  between  top  of  screw-thread  and  bottom  of  nut. 

Width  of  Point  of  Tool  for  Tap-Thread  =• 

:37o7 

No.  of  Threads  per  Inch  ^^ 

Width  of  Thread  = .^'^^^ T-^  "  '^S^ 

No.  of  Threads  per  Inch 

Diameter  of  Tap  —  Diameter  of  Screw  +  .020. 

Diameter  of  Tap  at  Root  — 


Diameter  of  Tap 
Depth  of  Thread 


+  ^40 


No.  of  Threads  per  Inch 

I 
2  X  No.  of  Threads  per  Inch 


■) 


+  .020. 


Table  of  Acme  Standard  29°  Tap-Thread  Parts 


N. 

P 

D 

F 

W 

S 

B 

Number  of 
Threads 
per  Inch 

Pitch  of 

Single 

Thread 

Depth  of 
Thread 

Width  of 
Top  of 
Thread 

Width  of 

Space  at 

Bottom  of 

Thread 

Width 

of  Space 

at  Top  of 

Thread 

Thickness 

at  Root 
of  Thread 

I 

1.0 

.5200 

.3655 

.3655 

•6345 

.6345 

ij 

.750 

•3950 

.2728 

.2728 

.4772 

.4772 

2 

.500 

.2700 

.1801 

.1801 

•3199 

•3199 

3 

'3333 

.1867 

.1183 

.1183 

.2150 

.2150 

4 

.250 

.1450 

.0875 

.0875 

.1625 

.1625 

5 

.200 

.1200 

.0689 

.0689 

.1311 

.1311 

6 

.1666 

-^°33 

.0566 

.0566 

.1101 

,1101 

7 

,1428 

.0914 

.0478 

.0478 

.0951 

.0951 

8 

125 

.0825 

.0411 

.0411 

.0839 

.0839 

9 

.1111 

.0755 

.0361 

.0361 

10 

■ 

.10      j 

.0700 

.0319 

\     03^9 
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For  U.  S.  tbtttOt  -D-  ■^^ 
U.  S.  Standard  Thbeads 


i 

Fitcb 

as. 

■ 

1 

pftth 

£X 

» 

P 

D-te 

^i 

» 

' 

.-^ 

,*4« 

64 

.0101 

jj, 

M 

.3.76 

.03  M 

63 

:;3 

iS 

.3765 

.0360 

60 

j( 

16 

■3344 

.0406 

ss 

■39" 

0464 

56 

o]]6 

A 

.4501 

.0499 

S4 

■5t*4 

.0541 

5' 

012s 

1 

■sftfi 

.osqo 

S" 

01.10 

t 

.6851 

.c*49 

48 

OI3S 
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As  (here  is  no  standanl  of  diameter  for  the  finer  pitches,  tbe  col- 
umns  for  diameter  and  caliper  reading  are  [eft  blank.  The  column 
on  the  right  gives  the  numher  to  be  subtracted  from  the  diameter  to 
obtain  the  cuiper  reading. 

■For  explanation   of  screw   thiead   ralctomctei   ca^i^ct,  tdjex  \p 


THREAD    MICROMETER    READINGS 


t  CAUPKR 

■  For  "V"  TTireads  -O  -- 


"V"  Threads 
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4334 
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8918 
0168 
t.63 
3557 
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0481 
DS41 

0619 
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o665 

0619 

□7JJ 

0S66 
0866 
096= 
1082 
loSa 
i»37 
1443 

As  there  h  no  slandard  of  diameter  for  the  finer  pilches,  the  col- 
umns for  diameter  and  caliper  reading  are  left  blank.  The  column 
on  (be  right  gives  the  number  to  be  subtracted  from  the  diameter  to 
obtain  the  caliper  reading. 


For  explanatitai   of  1 


'  thread   micTometei    c^Yjict,  ittet  ^ 
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Fig.  II.  —  Measuring  U.  S.  Standard  Threads 

D  «*  outside  diameter  of  thread. 
Di ««  root  diameter  measured  in  thread  groove, 
ft   —  number  of  threads  per  inch  of  length. 
d   a-  depth  of  thread.    . 

p  ^  distance  from  center  to  center  of  adjacent  threads. 
/    -*  width  of  flat  on  U.  S.  Standard  thread. 
a   ■*  diameter  of  wire  used. 

B  ■=  distance  from  apex  of  thread  angle  at  root,  to  center  of  wire. 
Z>2 «  diameter  of  cylinder  touched  by  apexes  of  thread  angles. 
X  »  diameter  from  top  of  threads  on  one  side  of  tap  or  bolt,  to 
top  of  wire  laid  in  thread  groove  on  opposite  side. 

U.  S.  Standard  Thkead 
p  a-  lead  -■  — ,  for  single  threads. 
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-f^f'+B+f  f. 
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Fig.  12.  —  Measuring  6o-Degree  V-Threads 


D  ■-  outside  diameter  of  thread. 
Di  «■  root  diameter  measured  in  thread  groove. 
n  ■■  number  of  threads  per  inch  of  length. 
d  =  depth  of  thread. 

p   «  distance  from  center  to  center  of  adjacent  threads. 
a  «  diameter  of  wire  used. 

B  «  distance  from  apex  of  thread  angle  at  root,  to  center  of  wire. 
Z>2««  diameter  of  cylinder  touched  by  apexes  of  thread  angles. 
X  —  diameter  from  top  of  threads  on  one  side  of  tap  or  bolt,  to 
(op  of  wire  laid  in  thread  groove  on  opposite  side. 


6o**  V  Thread 
P  -■  lead  =■  — ,  for  single  threads. 


n 


d  '^  pX  .866, 
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P 
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D      Da  a 
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Xi  «=  I>2  +   2  5  +  O. 
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Table  for  Miiasurino  Co-Dechee  V-Threads  with  Microu- 
ETEKs  AKD  Wires 
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o.=o 
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4.01 13 
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4.0263 

WATCH  SCREW  THREADS 

Watch  screw  threads  are  at  sharp  V-form  and  generally  4SHiegree 
angje  for  screws  used  in  nickel  and  brass;  though  60  degrees  for  use 
in  steel.  The  Waltham  Watch  Company  and  otheis  use  the  centi- 
meter as  the  unit  for  all  measurements  with  the  exception  of  the 
pitch,  which  is  based  on  the  inch;  the  Waltham  threads  \)irav%  1.10, 
lao,  140,  160,  170,  180,  300,  220,  240,  154,  per  indi  a-ni  'itie  eia.-ai:. 
etera  nogiog  from  0.120  to  0.035  '^'"- 
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w^4 


Fig.  13.  —  Measuring  Whitworth  Threads 

D  «*  outside  diameter  of  thread. 
J9i«-  root  diameter  measured  in  thread  groove. 
n  »  number  of  threads  per  inch  of  length. 
d  "  depth  of  thread. 

p  =^  distance  from  center  to  center  of  adjacent  threads. 
r    =  radius  on  Whitworth  thread. 
a   =»  diameter  of  wire  used. 

B  =  distance  from  apex  of  thread  angle  at  root,  to  center  of  wire. 
Z)2=  diameter  of  cylinder  touched  by  apexes  of  thread  angles. 
X  =  diameter  from  top  of  threads  on  one  side  of  tap  or  bolt,  to 
top  of  wire  laid  in  thread  groove  on  opposite  side. 

Whitworth  Thread 
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UEASURIHO  FfllE  PITCH  SCREW-THREAD 
DUMETERS 

The  accompanying  table  should  be  of  service  to  those  u^ng  the 
three-wire  system  of  measurement  as  the  constants  cover  the  finer 
pitches  and  may  be  easily  applied  to  screw  threads  of  any  diameter. 
The  diagrams,  Fig.  14,  make  the  method  of  application  so  plain 
that  no  description  appears  necessary. 


Measuring  Fine  Pitch  Threads 


Constants 

'OR  Use 

WITH    THE 

1-WiRE  System  or  Measuring 

Screw  Threads 
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0S660 

■07S7S 

So 

02165 

07872 

.06889 

01732 

01S16 

07316 

.06314 
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HEASmUHO  METRIC  SCREW  THREAD 
DIAMETERS 
The  tables  ajid  (onnulaa  given  herewiOi  in  connection  with  Fig.  15 
should  be  of  value  to  those  engaged  in  work  requiring  the  frequent 
production  of  thread  g&ges  or  special  taps  in  the  metric  sizes.  The 
three  wire  system  is  used  as  in  the  preceding  tables,  the  wires  being 
applied  as  indicated. 


For  V  Threads  For  Threads  with  Flat  Top 

D -M-sW  +  i,J3iP-  D -M -jW  +  i,5iSSP. 

M  -d-iijjP  +  jW,  M  -D  -istSSP  +  jW. 

Fig.  15.  —  Measuring  Metric  Threads 

Constants  fob  Use  in  Measuring  Metric  Screw  Threads 

BY  THE  3 -Wire  System 


Pitch 
m-m 

Filth 
[Dches 

I,73lP 

isissP 

Pilch 

Pitch 

i-7iaP 

i-sissP 

tu 

0.069 

!(J*Sl9 

.02084 

:S3 

; 

:!g6ss 

30686 

26SSO 

s 

.08513 

:3S; 

' 

J 

.236,2 

Ss 

m 

K 

:;£;! 

iS 

i 

.29328 

-3Ug6 

Si 

i'& 

:- 1 

157*8 

.16;? 5 

.20784 
.13866 

■•"\-"\'"*\- 
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SCREW  THREADS 


KBASUIUN6  ACMB  29-DEORSB  THRBABS 

The  diameter  of  a  wire  which  will  be  flush  with  tops  of  thread  oo 
tap  when  laid  in  the  Acme  thread  groove,  Fig.  16,  will  be  found  as 
follows: 

Rad.  of  wire  section  —  side  opp.  —  side  adj.  X  tan.  37^  45^  « 

t  X  .6293  +  .00s.  ^ 

2 

Diam.  of  wire  —  (^  X  .6293  -f-  .0352)  .77428. 

Wires  of  the  diameter  given  in  the  table  come  flush  with  the  tops 
of  tap  threads  and  project  x>io  above  the  top  of  screw  threads. 


f- 


V 


Fig.  16.  —  Measuring  Acme  Threads 


Table  of  Wire  Sizes  for  Measuring  Acme  Standard  29®  Screw 

AND  Tap  Threads 


Threads  per  Inch 

Pitch 

Diam.  of  Wire 

I 

I. 

0.4913 

li 

•750 

0.3694 

li 

.6666 

0.3288 

li 

.5774 

0.2824 

2 

.500 

0.2476 

2i 

.400 

ai989 

3 

.3333 

0.1664 

4 

.250 

0.1278 

5 

.200 

0.1014 

6 

.1666 

0.0852 

7 

.1428 

0.0736 

8 

•125 

0.0649 

9               i 

.iiii 

0.0581 

^       '"        1 

.100 

\ 

o.o«>iT 
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MEASXJIONG  BROWN  &  SHARPS  ag-DBGREE 

WORM  THREADS 

The  diameter  of  wire  for  Brown  &  Sharpe  worm  thread,  Fig.  17, 
for  each  pitch,  that  will'  rest  in  the  thread  groove  on  the  thread  angle 
and  be  flush  with  the  tops  of  the  finished  threads,  is  found  as  follows; 

Rad.  of  wire  section  (see  table)  »  side  opp.  >»  side  adj.  X  tan. 

37®^^  ^  _: — 5 —  ^  a77438  —  0.257448  P    and  diam.  of  wire  — 
0.5x49  -P- 


^mm 


Fto.  17.  —  Measuring  Brown  &  Sharpe  Worm  Threads. 
Table  of  Wire  Sizes  for  Measuring  B.  &  S.  39^  Worm  Threads 


Threads  per  Inch 

Pitch 

Diam.  of  Wire 

2. 

1.0298 

'  ■ 

I-7SO 

P.9010 

i  ■ 

1.500 

0.7723 

•■ 

1.250 

0.6436 

X 

z.o 

0.5149 

>i 

.6666 

0.3432 

2 

.5 

0.2574 

2i 

•4 

0.2060 

3 

.3333 

O.1716 

3i 

-2857 

0.1471 

4 

.250 

0.1287 

4i 

•2222 

0.1144 

5 

.2 

0.1030 

6 

.1666 

0.0858 

7 

.1428 

0.073s 

8 

."5 

0.0643 

9 

.1X11 

0.0572 

to 

.10 

0.0515 

13 

.0833 

0.0429 

16 

.0625 

0.0322 

20 

.050 

\                o.oa^*\ 
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WORM  THREADS 


D<«.€SMP  A=  .818ST 

I.       .«»r  **       10 

|)w».np  8-».«WP 

I   I— .6P  Bn.MP 

Pitch       «  _ —-_ . ; ^, 

No.  of  Threads  per  inch 

Depth  of  Thread  =  ^r^^ j-=r^ — j^— . 

No.  of  Threads  per  inch 

Width  of  Top  of  Thread  =  r^^ — .^  '^^^ 

No.  of  Threads  per  inch 

^3£2 I 

No.  of  Threads  per  inch* 
Thickness  at  Pitch  Line 

lo 
■    .665 

No.  of  Threads  per  inch' 
.69 


Width  of  Space  at  Bottom  == 

Clearance  at  Bottom  of  Thread  = 

Width  of  Space  at  Top  of  Thread  = 

Thickness  at  Root  of  Thread  = 


No.  of  Threads  per  inch* 
Table  or  Brown  &  Sharps  29°  Worm  Thread  Parts 


P 

D 

F 

W 

T 

A 

c 

s 

B 

Number  of 

Threads  Per 

Inch 

t 

ill 

sal 

III 

gE2£ 

1 

^1 

IP 

I 

1.0 

.6866 

•3350 

.3100 

.5000 

.3183 

•05 

.665 

.69 

li 

.8. 

•5492 

.2680 

.2480 

4000 

.2546 

.04 

•532 

•552 

li- 

.6666 

4577 

•2233 

.2066 

•3333 

.2122 

'^333 

4433 

4599 

2 

•5 

•3433 

.1675 

•1550 

.2500 

•1592 

.0250 

•3325 

•345 

2i 

4 

.2746 

.1340 

.1240 

.2000 

•1273 

.0200 

.2660 

.276 

3 

'333S 

.2289 

.1117 

•1033 

.1666 

.1061 

.0166 

.2216 

.2299 

3i 

•2857 

.1962 

•0957 

.0886 

.1429 

.0909 

.0143 

.1901 

.2011 

4 

.250 

.1716 

.0838 

•0775 

.1250 

.0796 

.0125 

.1637 

•1725 

4i 

.2222 

.1526 

.0744 

.0689 

.1111 

.0707 

.GUI 

.1478 

•1533 

5 

.2 

•1373 

.0670 

.0620 

.1000 

.0637 

.0100 

•1330 

.138 

6 

.1666 

.1144 

.0558 

.0517 

'OS33 

•0531 

.0083 

.1108 

•115 

7 

.1428 

.0981 

.0479 

.0443 

.0714 

.0455 

.0071 

•095 

.0985 

8 

•125 

.0858 

.0419 

.0388 

.0625 

.0398 

.0062 

.0818 

.0862 

9 

.1111 

.0763 

.0372 

.0344 

•0555 

•0354 

•0055 

•0739 

.0766 

10 

.10 

.0687 

•0335 

.0310 

/>5oo 

.0318 

.005 

.0665 

.069 

12 

•0833 

.0572 

.0279 

.0258 

.0416 

.0265 

.0042 

•0551 

.0575 

16 

.0625 

.0429 

.0209 

.0194 

.0312 

.0199 

.0031 

.0409 

.0431 

20 

.050 

•0343 

.0167 

.0155 

.0250 

.0159 

.0025   .0332 

•0345 
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WORM  WHEEL  HOBS 

« 

Hobs  are  made  larger  in  diameter  than  the  worm  they  are  used 
with  by  the  amount  of  twp  clearances.  The  Brown  &  3harpe  method 
is  to  make  the  clearance  one-tenth  6f  the  thickness  x>f  the  tooth  on 
the  pitch  line  or  .05  inch  for  a  worm  of  one  pitch.  If  the  worm  was 
3  inches  outside  diameter,  which  would  be  a  fair  proportion  for  this 
pitch,  the  outside  diameter  of  the  hob  would  be  3  +  (2  X  .05)  ■«  3.1 
inches.  The  thread  tool  would  be  .31  inch  wide  at  the  point  and 
would  cut  .6366  4-  .1  •=  •7366  deep,  leaving  the  top  of  the  thread 
the  same  thickness  as  the  bottom,  which  is  dififerent  from  the  worm. 

The  land  L  should  be  made  as  near  the  proportions  given  as  pos- 
sible. 


Um 


Bs^zFltek 
0  =  VlO  oft 
£=3.09xPlteh=aA 
jrBa.M88zBtob 


8».a68SzFtt«k 
T—i^z-Pllak 


D  bDImd.  of  Worm  -I-  SO 
L«WD  +  Hinab 
irO">.7860zntah 


Fig.  18.  —  Section  of  Hob  Thread       Fig.  19.  —  End  View  of  Hob 


The  diagram  Fig.  1 8  shows  the  shape  and  proportions  of  the  thread 
of  a  worm  hob,  and  Fig.  19  shows  the  proportions  for  the  depth  of 
tooth,  the  lead  and  the  outside  diameter.    In  these  diagrams: 

A  »■  Width  of  space  at  top  of  tooth. 

B  =  Width  of  thread  at  top. 

C  ■■  Clearance  or  dijfference  between  the  hob  and  worm. 
;  D  -»  Diameter  of  hob. 

E  =  Width  of  tooth  at  bottom. 

F  —  Hight  above  pitch  line. 

L  =  Width  of  land  or  tooth  at  bottom. 

S  —  Depth 'below  pitch  line. 

T  =»  Width  at  pitch  line. 

W  =  Width  of  space  at  bottom. 
WD  -  Whole  depth  of  tooth. 


PIPE  AND  PIPE  THREADS 

BRIGGS  STAHDARD  PIPE  THREADS 

The  particulars  in  the  following  paragrapli  regarding  this  S3rstem 
of  pipe  standards  are  from  a  paper  by  the  late  Robert  Briggs,  C.E., 
read  in  1S82,  before  the  Institution  of  Civil  Engineers  of  Great 
Britain. 

The  taper  employed  has  an  inclination  to  z  in  32  to  the  axis.  The 
thread  employed  has  an  angle  of  60  degrees;  it  is  slightly  rounded 
off,  both  at  the  top  and  at  the  bottom,  so  that  the  hight  or  depth  of 
the  thread,  inste2id  of  being  exactly  equal  to  the  pitch  X  .S66  is 

only  four-fifths  of  the  pitch,  or  equal  to  0.8-,  if  »  be  the  number  of 


)^lal  ofL««lh. 


hrftol  Bottom              Pwfcot  Thmd  T*p  tad  , 

T     bat  Flat  Tm  I         BottMD  =  (0.8]>U.-f  4.8)  z-g-  |j 

-  jL- z. -•'^■>. -—--''     _      *1  t 


r 


Taper  of  Pipe  Kad-H  par  Ft.— ){,  par  Isb 


Depth  of  Throad(S)  '^ 


Tbd.  par  la. 
ajMMnmbar  of  Ibciadt  par  la. 

Fig,  I,  —  Longitudinal  Section  of  Briggs  Pipe  Thread 

threads  per  inch.  For  the  length  of  tube-end  throughout  which 
the  screw-thread  continues  perfect,  the  formula  used  is  (0.8  D  -f-  4.8) 

X  -f  where  D  is  the  actual  external  diameter  of  the  tube  throughout 
n 

its  parallel  length,  and  is  expressed  in  inches.  Further  back,  be- 
yond the  perfect  threads,  come  two  having  the  same  taper  at  the 
bottom,  but  imperfect  at  the  top.  The  remaining  imperfect  portion 
of  the  screw-thread,  furthest  back  from  the  extremity  of  the  tube, 
is  not  essential  in  any  way  to  this  system  of  joint;  and  its  imperfec- 
tion is  simply  incidental  to  the  process  of  cutting  'the  thread  at  a 
single  operation. 

Thread  Section 

The  threads  as  produced  at  the  pipe  end  in  the  Briggs  system 
are  represented  clearly  in  the  longitudinal  section,  Fig.  i. 

Here  the  threads  that  are  perfect  at  top  and  bottom  are  shown 
Jit  J*',  the  depth  being  indicated  at  E,    Back  of  the  perfect  threads 
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are  represented  the  two  threads  with  perfect  bottom  and  flat  tops 
and  behind  these  are  the  imperfect  threads  produced  by  the  chamfer 
or  bell  mouth  of  the  threading  die.  A  table  giving  the  general 
dimensions  of  wrought  iron  tubes  in  the  Briggs  system  will  be  found 
on  page  40,  while  complete  data  pertaining  to  the  thread  depths, 
lengths  of  perfect  and  imperfect  portions,  allowances  for  making  the 
joint  in  screwing  the  pipe  into  the  fitting,  gaging  allowances,  etc., 
are  contained  in  the  tables  on  pages  47  and  4g. 

In  cutting  pipe  threads  with  a  lathe  tool  as  in  threading  taper 
work  in  general,  the  tool  should  be  set  at  right  angles  to  the  axis 
of  the  piece  and  not  square  with  the  conical  surface. 


Standard  Dimensions  of  Wrought-Iron  Welded  Tubes 

Briggs  Standard 


Diameter  of  Tubes 

Screwed  Ends 

Thickness 

of  Metal 

Inches 

Nominal 

Actual 

Actual 

Number  of 

Length  of 
Perfect 
Thread 
Inches 

Inside 

Inside 

Outside 

Threads 

Inches 

Inches 

Inches 

per  Inch 

i 

0.270 

0.405 

0.068 

27 

0.19 

i 

0.364 

0.540 

0.088 

18 

0.29 

i 

0.494 

0.675 

0.091 

18 

0.30 

0.623 

0.840 

0.109 

14 

0.39 

} 

0.824 

1.050 

O.II3 

14 

0.40 

I 

1.048 

1-315 

0.134 

"i 

0.51 

li 

1.380 

1.660 

0.140 

"i 

0.54 

li 

1. 610 

1.900 

0.145 

Hi 

0.55 

2 

2.067 

2-375 

0.154 

iii 

0.58 

2i 

2.468 

2.875 

0.204 

8 

0.89 

3 

3.067 

3-500 

0.217 

8 

0.95 

3i 

3-548 

4.000 

0.226 

8 

1. 00 

4 

4.026 

4-500 

0.237 

8 

1.05 

•li 

4.508 

5.000 

0.246 

8 

1. 10 

5 

5 -045 

5-563 

0.259 

8 

1. 16 

6 

6.065 

6.625 

0.280 

8 

1.26 

7 

7.023 

7.625 

0.301 

8 

1.36 

8 

7.982 

8.625 

0.322 

8 

1.46 

i:.) 

9.000 

9.688 

0.344 

8 

1-57 

10 

10.019 

10.750 

0.366 

8 

1.68 

*  By  the  action  of  the  manufacturers  of  wrought-iron  pipe  and 
boiler  tubes,  at  a  meeting  held  in  New  York,  May  9,  i&*i9,  ^  Ocvaxv%^ 
in  size  of  actual  outside  diameter  of  9-inch  pipe  v/as  3tdo\k\.eA.,  T^'a^f-- 
ing  the  latter  g.62S  instead  of  9.688  inches,  as  gweiv  \tv  vVt  \.iJc\€.  ^^^ 
Briggs  standard  pipe  diameters. 


PIPE  THREADS 


BRITISH  STANDARD  PIPE  THREADS 

_.._ 

^ 

DISTANCE  OF  Gage 

lA  • 

1 

■s 

1 

1 

i 

ll 

%zv^^r 

1 

ll^ 

f: 

1 

ii 

;ii 

sa 

i^l 

ki       " 

383 

0.046 

0.337 

T7 

0.13 

0.373 

a.317 

a     o 

S<8 

0.S06 

iS       0 

6sfi 
815 

o,ofl; 

o,s»o 

0.^ 

o'li 

0.640 

o.8o>, 

0718 

a     = 

lA     I 

041 

0.091 

>8q 

a^6 

1.09a 

o!« 

a1'. 

I'Im 

l!lJO 

It*     ■ 

6so 

o.s8 

8Sj 

oils 

"2 

0,38 

Zl 

r.as, 

'.%{ 

>1            2 

S37 

o'lle 

\.ln 

o,So 

Ti7 

'j„ 

1.801 

3l           3 

060 

tllb 

1.841 

0*° 

O.M 

..g.7 

tt^ 

3l 

4l         4 

4)         4 

Si       ; 

460 

E: 

3.584 
3.834 

4-834 

1,0  J 

0.83 
0,83 

3.S45 
J.Sgs 

4387 

4.SS/ 

5-J80 

5-1S4 

6)        6 

71          7 
81        8 

.0  1          TO 

450 

o,w8 

S.834 

6.334 
8.311 

1 1,100 

lo 

l.4fi 

H 

5.8;  = 

6,364 

7.J6, 

8.356 
9.316 

.O.J4S 

tl.348 

5.756 
6,na 

7..)S 

ul    IJ 

Ml        '4 

i 

:S 

IJ^SK 

S 

ii 

..46 

IJ.34H 
.3-578 

13,418 

Hi        IS 

161       -6 

^ 

□  160 

.6.5.3 

8 

iTj 

l.<6 
1.S6 

16.563 

^6403 

17.510 

,.6, 

.s     isi  1  ,s 

6S0 

o,.6o 

18.SIO 

* 

i-jj 

1.67 

IS.SSS 

'8.395 

npero/pipeeadi  -  A't 
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Tap  Drills  for  Pipe  Taps 

The  sizes  of  Twist  Drills  to  be  used  in  boring  holes,  to  be  reamed 
with  Pipe  Reamers,  and  Threaded  with  Pipe  Taps,  are  as  follows: 


Size 
Pipe 

BRIGGS 

WHITWORTH 

Size 
Pipe 

BRIGGS 

WHITWORTH 

Tap 

Thread 

Drill 

Thread 

Drill 

Tap 

Thread 

Drill 

Thread 

DriU 

27 

28 

W 

If 

iH 

18 

a 

19 

a 

2 

Hi 

A 

2A 

18 

A 

19 

A 

2i 

2ii 

14 

« 

14 

.H 

2i 

8 

2A 

2|l 

14 

H 

2} 

m 

14 

n 

14 

n 

3 

8 

3A 

3A 

14 

lA 

Si 

3i 

I 

Hi 

li 

II 

ll 

3i 

8 

3li 

3i 

li 

Hi 

iH 

II 

lit 

3i 

4 

li 

li 

lit 

II 

If! 

4 

8 

4A 

4J 

Metric  Pipe  Threads 


Nominal  Inside 

Pipe  Diameter 

in  Inches 

Inside  Pipe 
Diameter  in 
Millimeters 

External  Thread 
Diameter  in 
Millimeters 

Internal  Thread 
Diameter  in 
Millimeters 

Number  of 
Threads 
per  Inch 

i 

10 

8.3 

19 

i 

6.35 

13 

11-3 

19 

f 

9.52 

16.5 

14.8 

19 

i 

12.70 

20.5 

18.2 

14 

f 

15-87 

23 

20.7 

14 

i 

19.05 

26.5 

24.2 

14 

I 

25.40 

33 

30 

II 

li 

31-75 

42 

39 

II 

li 

38.10 

48 

45 

II 

li 

44-45 

52 

49 

II 

2 

50.30 

59.7 

56.7 

II 

2i 

63-50 

76 

73 

II 

3 

76.20 

89 

86 

II 

3i 

88.90 

101.5 

98.S 

\     ^'■ 

4 

1 

101.60 

114 

«. 

\     ^^ 
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THE  PIPE  JOINT  IN  THE  BMGGS  SYSTEM 

The  ilhistrations  below  and  the  tables  on  pages  43  and  44,  repre- 
sent the  relation  of  the  reamer,  tap,  die  and  testing  gages  in  the 
preparation  of  the  Briggs  pipe  end  and  fitting  preliminary  to  making 
up  the  joint. 


11 


^\N\\NNN\\\-^ 


v\\\V\V^SSSS\\K-l 


Die 


U— G-— i 


FlashN 


.\\\\\\\\\\\\v\i 


NJ  ^-^"^ 


Standard 
,   Ring  Gago 

I 
I 
I 


Standard  Ring  Gage  and 
Plug  for  Testing  Fittings. 


Fig.  2.  —  Reamer,  Tap,  Die  and  Gages  for  Briggs  Pipe  Standard 


The  illustrations  to  the  left  in  Fig.  2  show  the  relative  distances 

that  the  pipe  reamer,  tap,  testing  plug  and  pipe  end  are  run  into 

the  fitting  in  making  the  joint;  while  at  the  right  are  shown  the  die 

nd  ring  gage  on  the  pipe  end,  and  the  relative  diameters  of  the 

^ndard  ring  gage  and  the  testing  plug  for  the  fittings. 
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In  pipe  fitting  the  end  of  the  pipe  should  always  be  cul  lo  fit  ihe 
Briggs  standard  pipe  gage.  The  fitting  should  be  lapped  small 
in  order  lo  insure  a!,  tight  joint.  Theoretically  the  joint  should  be 
tight  when  (he  pipe  end  has  been  screwed  into  the  fitting  a  di^ 
tance  represented  at  H  in  the  diagrams,  F^.  2  and  following  tables. 
However,  to  allow  for  errors  the  thread  on  the  pipe  is  actually  cut 
two  threads  beyond  H.  Similarly  the  fitting  should  be  tapped  two 
threads  deeper  than  distance  H. 

The  following  table  used  in  conjunction  with  the  illustrations 
in  Fig.  2,  contains  information  as  to  length  and  number  of  perfect 
and  imperfect  threads;  distance  and  number  of  turns  the  pipe  screws 
into  fitting  by  hand  and  with  wrench,  or  the  total  length  and  num- 
ber of  threads  of  joint;  ring  and  plug  gage  data  for  testing  tools; 
besides  general  pipe  dimen^ons,  drill  and  reamer  sizes,  etc. 
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GAGE  SETS  FOR  BRIGGS  PIPE  AVD  FITTinGS 

The  gages  manufactured  by  the  Pratt  &  Whitney  Company  for 
makers  and  users  of  pipe  and  fittings  include  three  distinct  sets  for 
each  size  of  pipe,  and  these  are  illustrated  in  Fig.  3.  Set  No.  1  con- 
sists of  a  ring  and  plug  conforming  in  all  dimensions  to  the  Brisgs 
standard,  and  is  known  as  the  standard  reference  set.  The  plug 
screws  into  the  ring  with  faces  flush  ^ — as  indicated  by  the  position 
of  the  two  gages.  The  fiat  milled  on  the  plug  shows  the  depth  to 
which  the  latter  should  enter  the  fitting  to  allow  for  screwing  up  with 
tOQgs  to  make  a  steam-tight  joint;  the  ring,  of  course,  screws  on  to 
the  pipe  flush  with  the  end. 


Set  No.  !  „ 

already  described  and  a  ring  whose  thickness  is  equal  lo  the  slandar 
ring  less  the  allowance  for  screwing  up  the  joint.  As  the  plug  and 
ring  threads  are  of  the  same  diameter  at  the  smalt  end,  the  bottom 
surfaces  come  flush  when  the  two  members  are  screwed  together. 
It  will  be  noted  that,  as  the  plug  enters  the  fitting  only  to  the  bottom 
of  the  flat  at  the  side,  and  the  ring  screws  on  to  the  pipe  only  far 
enough  to  bring  the  outer  face  flush  with  the  pipe  end,  there  are  a 
few  threads  on,  or  in,  the  work  beyond  the  reach  of  the  gages;  hence 
with  this  type  of  gage  a.  reasonable  amount  of  wear  may  be  permitted 
at  the  end  of  the  tap  or  the  mouth  of  the  die  without  causing  the 
rejection  of  the  work. 

The  plug  and  ring  in  set  No.  3  are  inspection  allowance  gages, 
the  ring  being  the  same  in  all  particulars  as  the  standard  ^a^t:  'icv 
set  No.  I,  while  the  plug  is  longer  than  Nos.  i  and  t  V)  *^  ■MtvcwmV 
equal  to  the  allowance  lor  screwing  up  for  a,  li^bl  jowA,  "i^i"*  e-t-vi^ 
taigtb  being  represented  by  the  cylindrica.\  potVvon  W.  *«i  '^^^  ' 
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the  thread  cone.  When  ihe  gages  are  screwed  (ogether  the  back  of 
the  cylindrical  section  comes  flush  with  the  ring  face  and  Ihe  threaded 
end  of  the  plug  projects  through  the  ring,  as  indicated,  a  distance 
equal  to  the  length  of  the  cylinder,  or  the  screwing-up  allowance, 
"niis  plug  will  enter  a  perfect  fitting  until  the  back  of  the  threaded 
section  is  flush  with  the  end  of  the  fittit^,  thus  testing  the  full  depth 
of  the  tapped  thread  in  the  same  way  that  the  standard  ring  gage 
covers  the  thread  on  the  pipe  end,  and  at  the  some  time  showing 
that  the  fitting  b  tapped  to  nght  diameter  to  allow  the  joint  to  screw 
up  properly. 

RATIONAL  STANDARD  HOSE  COUPLIRG 

This  standard  for  fire  hose  coTlphngs  was  adopted  by  the  Na- 
tional Fire  Protection  Associa.Iion  Maj  16  igo^  and  has  since  been 
approved  and  adopted  bv  vanous  other  organizations 


Fig.  4.  —  National  Standard  Hose  Coupling 
Dimensions  of  Nwional  Standard  Hose  Couplings 
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TWIST   DRILLS 


The  twist-drill  is  perhaps  one  of  the  most  eflScient  tools  in  use  as, 
although  one  half  is  cut  away  in  the  flutes,  it  has  a  very  large  cutting 
surface  in  proportion  to  its  cross-sectional  area.  This  is  made  possible 
by  the  fact  that  the  work  helps  to  support  the  drill  and  the  feed 
pressure  on  the  drill  tends  to  force  the  point  into  a  cone-shaped  hole 
which  centers  it. 

In  addition  to  the  radial  relief  or  backing-ofiF  behind  the  cutting 
edge,  twist-drills  have  longitudinal  clearance  by  decreasing  the  diam- 
eter fnom  the  point  toward  the  shank,  varying  from  .00025  ^^  .0015 
per  inch  of  length.  This  prevents  binding  and  is  essential  in  accurate 
drilling. 

To  increase  the  strength  the  web  is  increased  gradually  in  thickness 
from  the  point  toward  the  shank  by  drawing  the  cutters  apart.  This 
decreases  chip  room  and  to  avoid  this  defect  the  spiral  is  increased  in 
pitch  and  the  flute  widened  to  make  up  the  chip  room. 


FIG.  I  FIG.  2  FIG.  3 

Grooves  of  Twist  Drills 

Thp  shape  of  the  groove  affects  the  power  and  the  shape  of  the 
chip  and  experiments  by  the  Cleveland  Twist- Drill  Company  are 
interesting.  The  groove  in  Fig.  i  does  not  give  a  good  cutting  edge, 
especially  near  the  center,  as  it  does  not  allow  a  full  curl  to  the  chip. 
Fig.  2  is  a  very  free  cutting-groove,  the  chips  curl  up  to  the  full  size 
of  the  groove  and  this  reduces  the  power  required  to  bend  the  chips. 
Fig.  3  is  an  even  better  form  as  it  rolls  a  chip  with  each  turn  conical 
so  that  one  lays  inside  the  other  and  makes  a  much  shorter  chip 
from  the  same  depth  of  hole. 

The  angle  of  spirals  varies  from  18  to  35  degrees  according  to  the 
ideas  of  the  maker.     In  theory  the  finer  the  pitch  or  the  greater  the 
angle,  the  easier  it  should  be  to  cut  and  curl  the  chip.     But  this 
gives  a  weak  cutting  edge  and  reduces  the  ability  to  carry  off  the 
heat,  and  it  does  not  clear  itself  of  chips  so  well.     After  a  long  series 
df  tests  the  same  firm  adopted   27^  degrees  for  the  spiral.     This 
angle  makes  the  spiral  groove  of  all  drills  start  at  the  point  with  a 
pitch  equal  to  six  diameters  of  the  blank,  the  increase  in  twist  being 
a  constant  function  of  the  angular  movement  of  rotation  of  the  drill 
blank;     This  angle  is  based  on  holes  from  one  to  iVvte^  ^V^x^eXfex^ 
deep.     For  deeper  holes  a  smaller  angle  migYvt  Vie  aA.vvsa\^^  "a-"^^^ 
greater  angle  for  io/es  of  less  depth.     There  \s  pTajcWeaXVj  xvo  ^\^«^- 
ence  m  torsional  stress  with  the  angle  between  2$  aiid.  30  ^e%^^^^* 
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Sharpening  Drills 

Drills  should  be  sharpened  so  as  to  cut  the  right  size  and  with  as 
little  power  as  possible.  To  cut  the  right  size  both  lips  must  be  the 
same  length  and  the  same  angle.  A  gage  as  shown  in  Fig.  4  will 
help  both  to  get  the  angle  and  to  grind  them  central.  This  gives  the 
usual  lip  edge  of  59  degrees.  Fig.  5  shows  how  you  can  see  if  both 
lips  are  ground  alike,  but  does  not  give  the  angle.  Fig.  6  is  a  sug- 
gestion by  Professor  Sweet  of  relieving  the  drill  back  of  the  cutting 
edge,  making  it  similar  to  a  flat  drill  in  this  respect. 

For  drilling  brass  or  for  any  thin  stock  where  the  drill  goes  clear 
through,  it  is  best  to  grind  the  cutting  edge  parallel  with  the  axis  of 


FIG.  6 


Grinding  Twist  Drills 


the  drill.    This  does  away  with  the  tendency  to  draw  into  the  work. 
Fig.  7  shows  how  this  is  done. 

It  is  sometimes  necessary  to  thin  the  point  of  the  drill  to  get  best 
results.  This  requires  care  in  grinding  but  can  be  done  as  shown 
in  Fig.  8. 

The  best  all-around  clearance  angle  is  12  degrees,  though  for 
softer  metals  15  degrees  can  be  used.  The  12  degrees  is  the  angle 
at  the  cutting  edge,  but  this  should  increase  back  of  the  cutting  edge 
so  that  the  line  across  the  web  should  be  45  degrees,  with  the  cutting 
edges.  This  is  important,  as  it  not  only  saves  power  but  prevents 
splitting  in  hard  service.     The  point  of  the  drill  should  look  like 

*^.  p  or  Fig.  8.     Fig.  9  shows  the  clearance  angle  and  the  right 

^/es  for  the  drill  point. 
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Speed  of  Drills 

Lean)  to  run  drills  at  tbdr  proper  speed  to  secure  the  most  work 
with  fewest  grindings  and  breakages.  The  best  practise  is  to  use  a 
speed  that  will  give  30  feet  a  minute  cuttii^  speed  for  steel,  35  feet 
for  cast  iron  and  60  feet  for  brass.  This  means  that  the  cutting  edge 
must  nm  fast  enough  to  make  these  speeds.  For  drilling  steel  with 
a  ilj-inch  drill  this  means  1834  revolutions  a  minute,  while  for  brass 
it  would  be  j668  revolutions.  The  table  gives  the  speeds  without 
any  figuring  for  all  drills  up  to  3  inches.  These  speeds  require 
plenty  of  lubricant.     This  is  for  carbon  sleel  drills. 

These  ^leeds  can  be  eiceeded  in  many  cases  even  with  carbon  drills, 

and  can  be  doubled  with  high  speed  drills,  in  fact  from  75  to  150  feet 

is  not  uncommon  with  200  feet  a  possibility  under  good  conditions. 

The  feeds  in  the  table  below  can  also  be  doubled  in  many  cases. 

Table  op  Drill  Feeds 
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Feed  of  Drills 

The  feed  of  drills  is  usually  given  in  parts  of  an  inch  per  revolution, 
0.004  to  0.007  inch  for  drills  of  J  inch  and  smaller  and  0.007  to  0.015 
inch  for  larger  drills  being  recommended.  This  has  been  worked 
out  into  the  table  for  the  standard  speeds  to  show  inches  of  feed  per 
minute  for  the  three  speeds  given,  which  is  more  convenient.  This 
is  not  an  iron-clad  rule  but  should  be  used  with  judgment.  For 
high-speed  steel  these  figures  can  be  just  about  doubled. 


Data  for  Drilling  Cast  Iron  at  Feed  of  i"  per  Mm. 
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For  carbon  steel  the  values  run  from  ij  to  3  times  these  for  cast 
iron,  increasing  with  the  feed  per  revolution. 

One  inch  flat  twisted  drills  have  been  run  from  313  to  575  r.  p.  m., 
with  feeds  of  11.27  and  28.1  inches  per  minute  and  required  from  5.22 
to  11.60  actual  horse  power. 

Torque  Required  to  Drill  Cast  Iron 
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Drill  Troubles 

Twist-drills  will  stand  more  strain  in  proportion  to  their  size  and 
weight  than  almost  any  other  tool,  and  when  a  good  drill  gives  trouble 
it  is  pretty  safe  to  say  some  of  the  conditions  are  wrong. 

If  it  chips  on  the  edge,  the  lip  clearance  is  too  great  and  fails  to 
support  the  cutting  edge  or  the  feed  is  too  heavy.  Ease  off  on  the 
feed  first  and  then  watch  the  grinding. 

If  it  splits  in  the  web  it  is  either  ground  wrong,  i.e.,  does  not  have 
the  center  lip  at  "the  angle  of  45  degrees  or  the  feed  is  altogether  too 
heavy. 

If  the  outer  comer  wears,  it  shows  that  the  speed  is  too  great. 
This  is  particularly  noticeable  on  cast  iron. 


Drill  Pointers 

In  most  cases  it  is  better  to  use  high  speeds  almost  to  the  point 
where  the  drill  comers  commence  to  wear  with  a  light  feed  than  to 
use  slower  speed  and  heavy  feed. 

This  is  specially  true  of  drilling  in  automatic  machines  where  the 
holes  are  not  more  than  twice  as  deep  as  the  diameter  where  drills 
are  flooded  with  lard  oil.  With  deeper  holes  the  chips  are  harder  to 
get  rid  of  and  it  is  better  to  use  slower  speeds  and  heavier  feeds  as 
the  drilled  hole  gets  deeper. 

Watch  the  drill  chip  and  try  to  grind  so  that  it  will  come  out  in  a 
small  compact  roll.  It  is  better  to  have  this  continuous  clear  to 
bottom  of  hole  if  possible. 

In  drilling  brass  use  a  heavier  feed  especially  on  automatic  ma- 
chines, as  it  helps  to  work  out  the  chips.  If  you  lubricate  at  all, 
flood  the  work.  Twist-drills  ground  as  for  steel  often  catch  and 
"hog  in"  on  brass,  especially  at  the  bottom  of  the  hole,  where  it 
breaks  through.  To  avoid  this,  grind  the  lead  or  rake  from  the 
cutting  edge. 

In  drilling  hard  material  use  turpentine  as  a  lubricant. 

Drills  feed  easier  by  thinning  the  extreme  point  if  this  is  carefully 
done.    This  is  important  in  hand  feeding. 


Special  Drills  and  Their  Uses 

Ratchet-drills  have  a  square  taper  shank,  are  used  in  hand-ratchet 
braces  and  in  air-driven  drills.  Used  in  bridge  building,  structural 
and  repair  work. 

The  shell  drill,  Fig.  10,  is  used  after  a  two-groove  drill  in  chucking 
out  cored  holes  or  for  enlarging  holes  that  have  been  made  with  a 
two-groove  drill.  It  has  a  taper  hole  and  a  number  of  sizes  can  be 
used  on  the  same  arbor. 


S6  HVIST  DRILLS 

Wire  drills  and  jobbers  or  machinists  drills  both  have  round  shanks 
and  onjy  difiFer  in  size.  Wire  drills  are  made  to  a  twist-drill  gage  and 
the  others  to  a  jobbers  or  fractional  gage. 

'     Blacksmith  drills  all  have  a  i-inch'  shank  2)  inches  long,  so  as  to 
all  fit  the  same  holder.    There  is  a  flat  on  the  shank  for  set-screw. 

The  straightway  or  Farmers  drill  has  the  same  clearance  as  a 
twist-drill  but  the  flutes  are  straight.  It  is  used  mostly  in  drilling 
brass  and  soft  metals  or  in  drilling  cross  holes  or  castings  where  blow 
holes  may  be  found,  as  it  is  less  likely  to  run  than  the  twist-drill. 

Oil  drills  have  the  advantage  of  the  cutting  edge  being  kept  cool 
and  of  the  chips  being  forced  back  through  the  grooves  which  reduces 
friction  to  a  minimum.  They  are  used  for  all  kinds  of  drilling, 
mostly  deep  hole  work.  In  cast-iron  drilling  air  is  sometimes  used 
to  blow  out  the  chips  and  keep  the  drill  cool.  They  are  generally 
used  in  a  screw  or  chucking  machine  or  a  lathe  fitted  for  this  work. 
Where  the  drill  is  held  stationary  and  the  work  revolves,  the  oil 
is  pumped  to  the  connection  and  flows  through  the  holes  in  the  drill 
as  in  Fig.  11. 

Where  the  drill  revolves 
as  in  a  drill  press,  the  oil 
is  pumped  into  a  collar 
which  remains  stationary 
while  the  drill  socket  re- 
volves, as  in  Fig.  12.  An 
oil  groove  around  the 
socket  and  holes  through 
to  the  drill  connects  with 
the  holes  in  the  drill  it- 
self. Other  tyf>es  are 
shown  in  Figs.  13  and  14.  Fig.  10.  —  Shell  Drill 

The  latter  is  used  mostly 

in  screw  or  chucking  machine  turrets  where  the  oil  is  pumped  into 
the  center  of  the  turret  and  into  the  large  hole  in  the  shank  of  the  drill. 

The  hollow  drill  shown  in  Fig.  15  is  used  for  deep  drilling  or  long 
holes  and  is  used  in  a  lathe  or  some  similar  machine  fitted  for  the 
purpose.  It  has  a  hole  lengthwise  through  the  shank  connecting 
with  the  grooves  of  the  drill.  The  shank  can  be  threaded  and  fitted 
to  a  metal  tube  of  such  length  as  desired.  The  outside  of  the  drill 
has  a  groove  the  whole  length  of  the  body.  The  lubricant  is  con- 
veyed to  the  point  of  the  drill  on  the  outside  through  these  grooves, 
while  the  hollow  tube  admits  of  the  passage  of  oil  and  chips  from 
the  point.  In  using  this  drill  the  hole  is  first  started  with  a  short 
drill  the  size  of  the  hole  desired  and  drilled  to  a  depth  equal  to  the 
length  of  the  body  of  the  hollow  drill  to  be  used.  The  body  of  the 
hollow  drill  acts  as  a  packing,  compelling  the  oil  to  follow  the  grooves 
and  the  chips  to  flow  out  through  the  hollow  shank. 

Three  and  four  groove  drills  are  used  for  chucking  out  cored  holes 

or  enlarged  holes  that  are  first  drilled  with  a  two-groove  drill.     They 

are  much  better  than  a  two-groove  drill  for  use  in  cored  holes  or  to 

■  another  drill.     The  ends  of  the  drills,  Fig.  16  and  17,  indicate 

^jr  are  not  made  to  drill  from  solid  stock  but  for  enlarging  a 

vady  made. 
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Decimal  Equivalents  of  Nominal  Sizes  of  Drills,  ConHnumi 
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Decimal  Equivalents  of  Nominal  Sizes  of  Drills,  Continued 
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Decimal  Equivalents  of  Drill  Sizes  prom  y  to  No.  8o 
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TAP  DKUL  SIZES  FOR  REGULAR  THREADS 

These  sizes  give  an  allowance  above  the  bottom  of  thread  on 
sizes  -^  to  2;  varying  respectively  as  follows:  for  "V"  threads, 
.0:0  to  .055  inch;  for  U,  S.  S.  and  Whitwotth  threads,  .005  to  .027 
inch.  These  are  found  by  adding  to  the  size  at  bottom  of  thread,  J 
of  the  pitch  for  "V"  threads,  and  Jot  thepitch  for  U.S.  S.  and  Whit- 
worth,  the  pitch  being  equal  to  i  inch  divided  by  the  number  of  threads 
per  inch.  In  practice  it  is  better  to  use  a  larger  drill  if  the  eiact  size  ■ 
called  for  cannot  be  had. 
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A  very  simple  rule,  whith  is  good  enough  in  many  cases,  is: 
Subtract  the  pitch  of  one  thread  from  the  diameter  of  the  tap. 
A  i-inch  tap  16-thread  would  be  i  minus  jl,  =  ^j"  drill;  a  ^-inch 
tap,  ten-thread,  would  be  f  minus  1*5  =  iVs  —  iSft  or  0.75  —  0.10  = 
^  or  0.65,  or  a  little  over  |  ot  an  inch,  so  a  j-inch  driU  wiU  do 
nicely.  With  a  i-inch  tap  we  have  i  —  i  =  s-ineh  drill,  which  is  a 
little  large  but  leaves  enough  thread  for  most  cases. 
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TAP  DRILLS 
For  Machine  Screw  Taps 

These  drills  will  give  a  thread  full  enough  for  all  practical  purposes, 
but  not  a/tt//  thread  as  this  is  very  seldom  requirea  in  practical  work. 
Further  data  along  this  line  will  be  found  in  the  tables  which  follow. 
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8  Twist  Dbills 
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This  gives  the  depth  to  allow  for  a  full  thread  in  a  nut  or  dmilar 
jnece  of  work  for  threads  for  3  to  90  per  inch,  regardless  of  the  diacn- 
eler.  A  spedal  nut  for  a  2-inch  boll,  30  threads  per  inch,  U.  S. 
Standaid  would  have  a  hole  2.  —  .06495  ~  i-935o5  inches  in  diam- 
eter bored  in  it. 
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Sues  op  Tap  Drills  for  Taps  with  "V"  Theead 
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This  table  gives  ^milar  infornia.tion  but  in  a  way  that  would  be 
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TAPPING  AND  THREADING  SPEEDS 

For  tapping  in  cast  iron,  the  F.  E.  Wells  &  Son  Company,  Green- 
field, Mass.,  recommends  the  following  speedy: 

i  f  }  t  i   inch  holes 

382  255  191  153  127 

using  an  oil  or  soda  compound. 
For  soft  steel  and  iron: 

i  f  }  t  i  inch  holes 

229  153  115  91  76 

using  oil  as  a  lubricant. 

The  National  Machine  Company,  Hartford,  Conn.,  uses  233  revo- 
lutions per  minute  up  to  i  inch  diameter  and  140  revolutions  per 
minute  for  sizes  between  J  and  }  inch,  using  a  screw-cutting  oil  as 
a  lubricant. 

They  tap  holes  as  deep  as  four  tap  diameters  by  power. 

For  threading  cast  iron  in  machines  of  the  bolt-cutter  type,  the 
Landis  Machine  Company,  Wa)aiesboro,  Penn.,  gives  these  speeds: 


i           i           J           } 
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8s 

55 

2  inches 
45 

with  petroleum  as  a  lubricant. 
For  soft  steel  and  iron: 

i        i        1        J 

280            220            175            140 
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"5 

75 

2  inches 
6 

with  compoimd  or  screw-cutting  oil,  using  a  2j-inch  belt  at  1200  feet 
per  minute.  The  speeds  are  for  high-speed  steel  dies.  Some  users 
run  the  machines  at  a  much  higher  rate. 

Threading  Pipe 

The  Bignall  &  Keeler  Manufacturing  Company,  Edwardsville, 
III.,  aims  to  have  its  pipe- threading  machines  run  at  a  cutting  speed 
of  15  feet  per  minute.  The  machine  for  handling  pipe  from  i  to  2 
inches  uses  a  3}-inch  belt  at  about  940  feet  per  minute.  They  advise 
nothing  but  lard  oil  on  the  dies. 

The  Standard  Engineering  Company,  Ellwood  City,  Penn.,  also 
recommends  a  cutting  speed  of  15  feet  per  minute,  using  a  3-inch 
belt  at  730  feet  per  minute. 

It  will  be  understood  in  all  the  cases  cited  that  the  figures  given 
are  merely  a  guide  as  to  what  can  be  done  and  not  record  perform- 
ances in  any  particular.  Soft  stock  can  be  nm  very  fast,  and  hard, 
gritty  stock  is  very  hard  on  the  dies. 

The  only  general  rule,  in  the  case  of  dies,  is  to  rvm  as  iacsX  ^^  '^'5>"si^^ 
without  undue  heating  of  the  dies. 
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DRILL  Bim  LENGTHS 

It  U  often  necessary  in  designing  brass  castings  to  allow  for  drilling 
to  a  certain  depth  so  as  to  give  the  thickness  of  metal  A  necessary 
at  the  bottom  of  the  hole  to  withstand  pressure. 

The  table  gives  ^ie  dimension  C  for  usual  sizes  of  drills.  This 
Is  deducted  from  B  to  give  the  actual  thickness  of  metal  at  A. 
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Note.  —  Tapper  taps  differ  from  madiine  taps  in  not  having  a 
square  on  the  end  of  the  shank.  They  are  used  in  nut  tappuig 
machines,  the  nuts  being  run  over  the  tap  on  to  the  shank  and  when 
full  the  tap  is  removed  and  the  nuts  slid  off.  The  tap  is  then  re- 
placed for  another  lot  of  nuls. 
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Note.  —  The  Sellers  hob  is  designed  to  be  run  on  centers,  the 
work,  such  as  hand  or  die  chasers,  being  held  against  it  and  ied 
along  b)'  the  lathe  carriage. 
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NotE.  —  While  in  theor)  the  thread  and  th      p         re    jo  h 
half  the  pitch  in  practice  it  s  necessary  to  mak      h      h      d 
more  than  half  in  order  to  allow  clearan  e  f       h    sc    w    h     gi 
inio  the  threaded  hole.     The  amount  of  ih  s  d  pe  d 

the  character  of  the  work  and  lar  es  from  oo         h    p 
make  the  tap  so  that  the  screw  will  only  be*  h        p       bo 

and  the  sides. 


FILES 

Files  are  designated  both  by  the  spacing  of  their  teeth  and  the 
shape  or  cross-section  of  steel  on  which  the  teeth  are  cut;  the  size 
always  referring  to  their  length  which  is  measured  from  the  point 
cutting  to  the  end  of  the  file  proper  but  the  measurement  never 
includes  the  tang  which  fits  into  the  handle. 

Terms  Used 

The  back  of  a  file  is  the  convex  or  rounding  side  of  half-round, 
cabinet  and  other  files  having  a  similar  shape. 

A  file  is  Bellied  when  it  is  full  or  large  in  the  center. 

A  Blunt  file  is  the  same  size  its  whole  length  instead  of  being  tapered. 

An  Equalling  file  is  one  which  looks  blunt  but  which  has  a  slight 
belly  or  curve  from  joint  to  tang. 

A  Float  file  is  a  coarse  single  cut  made  for  use  on  soft  metals  or 
wood  and  frequently  used  by  plumbers. 

A  Safe-edge  is  an  edge  left  smooth  or  blank  so  that  the  file  will  not 
cut  if  it  strikes'  against  the  side  of  a  slot  or  similar  work. 

The  Tang  is  the  small  pointed  end  forged  down  for  fitting  into  the 
handle. 

Three  square  files  are  double  cut  and  have  teeth  only  on  the  sides, 
while  taper  saw  files  are  usually  single  cut  and  have  teeth  on  the 
edge  as  well  as  the  sides.  This  makes  the  taper  saw  files  broad  on 
the  edge  or  without  sharp  comers,  while  the  three  square  files  have 
very  sharp  corners. 

A  special  angle  tooth  file  is  made  for  brass  work.  The  first  cut  is 
square  across  the  file,  while  the  second  is  at  quite  an  acute  angle, 
about  60  degrees  from  the  first  cut. 

Doctor  files  are  very  similar  to  these  except  that  the  first  cut  is 
about  15  degrees  instead  of  being  square  across  the  file.  .^,  .^ 

A  lock  file  has  safe  edge  and  the  teeth  only  go  about  one  third  the 
way  across  from  each  side  leaving  the  center  blank.  The  teeth  are 
single  cut. 

HiGHT  OF  Work 

The  work  should  be  at  a  convenient  hight  which  will  usually  vary 
from  40  to  44  inches  for  most  men  with  an  average  of  42  inches. 
This  means  the  hight  of  the  work,  not  the  bench. 

Pickling  Bath 

A  good  pickle  to  soften  and  loosen  the  scale  on  cast  iron  before 
filing  is  made  of  two  or  three  parts  of  water  to  one  part  of  sulphuric 
acid.     Immerse  castings  for  a  short  time. 

For  brass  castings  use  a  pickle  of  five  parts  water  to  one  part  nitric 
acJd, 
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SECOND  CUT  SMOOTH 

Actual  Toolh  Spacing  of  Single  Cut  Files 
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SECOND  CUT 
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8o  t-ILES 

The  Teeth  of  Files 

The  cut  of  a  file  or  the  number  of  teeth  per  inch  vary  with  the 
length  of  the  file  itself  and  the  kind  of  a  file,  and  is  a  little  confusing, 
as  a  rough  cut  in  a  small  file  may  be  as  fine  as  a  second  cut  of  a 
larger  size.  The  cuts  used  on  regular  1 2-inch  files  are  shown  in  the 
illustration  and  represents  the  practice  of  Henry  Disston  &  Sons. 
The  same  makers  also  supply  the  table  of  cuts  per  inch  used  on  their 
machines,  which  are  as  follows: 

Regular  Taper  Files 

Length,  inches.  —  2i,  3,  3^,  4,  4J,  5,  5^,  6,  6^,  7,  8,  9,  10, 
Teeth  per  inch  — 64,  56,  52,  50,  48,  46,  44,  42,  42,  40,  38,  36,  34. 
Slim  Tapers—     64,  64,  60,  58,  56,  52,  50,  50,  46,  46,  44,  40,  38. 

Mill  File,  Bastard  Cut 

Length  — 4,  5,  6,  7,  8,   9,  10,  11,  12,  13,  14,  15,  16,  17,  18,  20  in. 
Teeth  —  56,  50,  48,  46,  44,  42,  40,  38,  36,  34,  32,  30,  28,  26,  24,  22 
per  inch. 

Flat  File,  Bastard  Cut 

48,  42,  38,  36,  32,  30,  26,  24,  22,  20,  20,  18,  18,  16,  16,  14. 
Single  cut  files  usually  have  teeth  at  about  25  degrees  and  in  double 
cut    files   the   other   cut   is    usually    from  45  to  50  degrees.     Fine 
machinists  files  are  made  in  ten  numbers  from  00  to  8. 

The  Shapes  of  Files 

In  the  following  pages  th^  shapes  of  standard  files  are  shown. 
The  names  are  as  follows: 

1.  Metal  saw  —  blunt.     6.  Round  or  rat- tail.     12.  Warding. 

2.  Three-square  or  tri-     7.  Pippin.  13.  Extra   narrow 

angular.  8  Knife.                                   pillar. 

3.  Barrette.  9.  Crossing.  14.  Narrow  pillar. 

4.  Slitting.  10.  Half-round.  15    Pillar. 

5.  Square.  11.  Crochet.  16    Hand. 

Files  are  cut  in  two  ways,  single  and  double  The  first  has  but  a 
single  line  of  cuts  across  the  surface,  at  an  angle  with  the  file  body 
but  parallel  to  each  other.  The  double-cut  file  has  two  lines  of  cuts, 
at  an  angle  with  each  other,  and  the  second  cut  being  usually  finer 
than  the  first.  Some  prefer  the  single  cut,  for  filing  in  the  lathe. 
Rasps  have  single  teeth  forced  up  with  a  punch. 

The  old  method  of  designating  the  cuts  were  rough,  coarse,  bas- 
tard, second  cut,  smooth  and  dead  smooth.  Some  makers  are  now 
using  a  series  of  numbers  —  usually  eight  to  ten  —  instead  of 
the  six  designations  by  name  formerly  employed.  The  uses  of  the 
various  cuts  depend  on  the  shop  in  question  and  must  be  learned  from 
observation  and  experience  in  each  case. 

The  grades  of  cut  used  by  them  run  from  No  00  to  No.  8,  and  while 

it  is  hard  to  exactly  compare  them  with  the  old-style  designations,  it 

will  be  found  that  No.  00  is  about  the  same  as  a  bastard.  No.  i  as  a 

second  cut,  No.  2  or  3  with  a  smooth,  and  Nos.  6  to  8  with  a  dead 

smooth  file. 
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The  Standard  Shapes  of  Files 


When  a  File  Cuts  Best 

One  who  has  gh-en  the  malter  careful  atteniion,  and  has  built 
file-lesting  machines,  Edward  G.  Herbert,  of  Manchester,  England, 
has  come  lo  the  conlcusion  thai  a  file  does  not  cm  hest  when  i[  is 
new  but  after  it  has  been  used  for  some  little  lime,  say  2500  strokes 
or  the  filing  away  of  one  cubic  inch  of  metal.  Another  curious 
feature  is  that  ils  usefulness  seems  to  come  lo  a  sudden  instead  of  a 
gradual  end. 

A  bastard  file  having  25  leeth  to  the  inch,  ofwrating  on  a  surface 
one  inch  square  with  a  pressure  of  30  pounds,  which  is  about  equal 
to  heavy  hand  filing,  gives  25  cutting  edges  about  one  inch  loo^ 
which  likens  it  somewhat  to  a  broad  cutting  tool  in  a  planer. 

In  cutting  a  file  the  metal  is  forced  up  in  a  sort  of  a  bur,  and  occa- 
sionally the  top  of  the  tooth  slopes  over  bajikward  which  is  the  retwoo 
that  a  tile  often  cuts  better  after  these  are  broken  or  wu        ~      ~~ 
too,  when  a  file  is  new  all  the  teeth  are  not  of  the  same  hightf* 
only  a  few  points  cut.     As  they  wear  down  more  teeth  c 
tco/jtact  and  do  mare  Work. 
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SMALL   FILES 
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L-  Files  for  Fine  Work 


^^L .  Die  Sinken  Files  or  RifEea 
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WORK  BENCHES 


WORK  BENCHES 

The  duties  of  a  bench  vary  with  the  shop  in  which  it  is  located 
according  to  the  work  that  is  to  be  done  on  it  or  at  it.  If  it  is  simply 
a  filing  bench,  the  main  requirement  is  that  it  support  a  vise  firmly 
and  at  the  proper  hight.  If  an  assembling  bench,  these  are  not  the 
important  features,  and  just  what  it  does  need  depends  on  the  kind 
of  work  being  handled. 

For  the  average  shop  work  we  want  a  bench  that  is  rigid;  that  will 
stand  chipping  and  filing;  that  can  be  used  in  testing  work  on  a 
surface  plate  or  in  handling  jigs  and  fixtures;  that  will  not  splinter 
badly  nor  yet  injure  a  tool  should  it  happen  to  drop  on  it.  For  the 
toolmaker  the  cast-iron  bench  top  has  many  advantages,  but  both 
the  bench  and  the  tool  are  very  liable  to  be  marred  by  dropping  the 
tool  on  it,  so  that  for  general  use  we  rely  on  wood  as  in  the  days  of 
old,  except  that  a  bench  with  solid  2-  or  3-inch  planking  the  whole 
width  is  now  too  expensive  to  consider.  We  no  longer  want  the 
bench  braced  up  against  the  side  of  the  shop  but  set  it  out  from 


«  FIG.  1.  Good  for  OrdiaaryWork. 


FIG.  2.  Another  Method. 


the  wall  to  allow  the  heat  to  rise  and  the  air  to  circulate,  as  wdl  as 
giving  the  sprinklers  a  chance  to  get  at  a  fire  on  the  floor  near  the 
walls. 

The  use  of  a  lighter  board  at  the  back  has  become  so  common  that 
the  New  Britain  Machine  Company's  design  for  a  bench  leg  is  made 
for  this  construction  as  shown  in  Fig.  i.  This  also  shows  the  back- 
board B  rabbeted  to  the  plank  A^  which  supports  it  all  along  the 
front  edge,  and  it  is  also  supported  by  the  stringer  P,  which  runs  the 
whole  length  of  the  bench.  These  supports,  in  addition  to  the  cross 
bearing  of  the  legs  every  6  or  8  feet,  give  the  backboard  a  stiffness 
that  was  unknown  where  they  are  simply  laid  flush  and  not  rabbeted 
and  the  stringer  is  absent. 

Benches  made  without  these  supports  are  open  to  the  serious  objec- 
tion that  the  backboard  springs  down  when  a  heavy  weight,  such  as 
a  jig  or  surface  plate,  is  put  on  the  bench  and  throws  them  out  of 
level. 

All  cracks  are  more  or  less  of  a  nuisance  in  bench  work,  bat  in 
this  case  any  shrinkage  can  be  taken  up  by  wedging  against  the 
j'ron  support  of  the  board  C  and  the  edge  ol  the  baick^oaxd  B. 


^M  WORK   BENCHES  8$ 

^BcAiiDlher  .ityle  bentli  with  thjs  same  1^  is  shown  in  Fig.  3.  Here 
the  front  plank  A  and  the  backboard  C  are  the  same  aa  before,  but 
instead  of  having  one  backboard,  this  pari  of  the  bench  is  made  up 
of  narrow  strips  as  B,  litting  into  rabbet  in  plank  A  and  supported 
by  the  stringer  D  as  before.  These  narrow  boards  cati  be  either 
tongued  and  grooved  hardwood  flooring,  or  can  be  square  edges,  ts 
preferred;  in  either  case  any  shrinkage  can  be  taken  up  by  forcing 
the  boa  ids  together. 

A  cheaper  form  of  benc:h  is  shown  in  Fig.  3,  where  the  heavy 
planking  is  entirely  dispensed  with  and  the  boards  B  run  the  fuU 
width  of  the  bench  as  shown.  Running  along  the  front,  underneath 
the  main  boards  is  a  soft  plank  A  which  supports  the  edge  of  the 
bench  where  the  most  work  comes,  and  under  the  back  is  the  3  X  6* 
inch  stringer  as  before.  Here,  too,  the  boards  can  be  either  notched 
or  square  edge,  each  having  its  advocates;  the  objection  raised 
against  the  tongue  and  groove  being  that  the  edges  are  apt  to  split 
off  from  heavy  articles  dropping  on  Ihem.  An  advantage  claimed 
for  the  boaids  running  this  way  is  that  work  going  on  or  off  the 


1 
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bench  is  always  in  the  direction  of  the  gr^n  of  the  wood  and  that 
fewer  splinters  are  formed  on  that  account.  In  either  Figs,  i  or  3 
any  local  wear  can  be  remedied  by  replacing  the  worn  board  with  a 
new  one.  Some  object  to  the  end  of  the  grain  at  the  front  of  a  bench. 
The  material  used  in  any  of  these  can  be  varied  to  suit  the  indi- 
vidual requirements.  Maple  is  generally  considered  the  best  wood 
for  a  bench,  while  others  prefer  ash.  For  the  backboards  hard  pine 
is  often  used  and  even  cheaper  woods  will  answer  if  necessary,  al- 
though it  probably  pays  to  use  maple  all  through  if  you  can  aSonl 

Stilt  another  style  of  bench  is  shown  in  Fig.  4  and  one  which  was 
designed  to  be  serviceable  and  have  a  long  life  without  30  much 
regard  to  Brst  cost  as  the  others.  The  bench  leg  was  flat  on  lop, 
the  first  layer  of  maple  planks  A  and  D  and  on  top,  narrower  boards 
of  the  same  material.  These  were  fastened  with  long  wood  scwl-sv, 
holes  being  countered  and  plugged  as  shown. 
ffbe  theory  of  this  cnnstruclion  is  that  the  boaiAj  aio  =»«.  vo  '**■ 
^ibaroi^bly  seasoned  than  the  pUnks,  conacivittvA-j  \.Vc  -^N-k"** 
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will  shrink  the  most  and  tend  to  draw  the  top  boards  closer  together. 
It  certainly  makes  a  solid  bench,  but  the  first  cost  is  rather  high. 

Benches  are  also  occasionally  built  up  from  small  blocks  so  as  to 
present  an  end  grain  on  the  top,  the  same  as  butchers'  blocks.  One 
shop  we  know  of  surfaces  these  when  worn  by  putting  them  on  a 
Daniels'  planer  and  substituting  a  circular  saw  for  the  swinging 
knives.  This  saws  the  top  very  smooth  and  leaves  a  good  surface. 
Others  glue  up  strips  on  edge  and  plane  down  to  a  smooth  surface 
so  as  to  do  away  with  all  cracks.  Zinc  or  even  heavy  paper  covers 
are  often  used  where  fine  work  is  being  assembled  to  prevent  its 
finding  its  way  into  cracks  and  crevices. 

The  usual  work  bench  is  from  33  to  35  inches  from  the  floor  to  the 
top,  about  29  or  30  inches  wide,  and  has  the  front  plank  3  inches  with 
backboards  i  inch  thick.  A  cast-iron  leg  of  this  type  weighs  about 
50  pounds. 


SOLDERING 

Almost  every  one  thinks  he  can  solder,  yet  if  we  examine  the 
work  carefully  we  will  find  that  only  about  10  per  cent  of  the  work 
is  really  done  as  it  should  be.  Thorough  soldering  is  frequently 
referred  to  as  sweating,  and  it  is  remarkable  the  difference  in  strength 
between  a  well-fitted  and  "sweated"  junction  of  the  metals  and 
one  as  ordinarily  soldered. 

A  p>oint  frequently  overlooked  is  the  important  one  of  properly 
cleaning  the  surfaces  to  be  joined.  This  is  too  often  left  for  the 
flux  to  correct.  Another  neglected  point  is  the  selection  of  the  flux 
to  be  used ,  although  nearly  all  of  the  metals  can  be  joined  by  the  use 
of  the  same  flux.  The  after  effects  resulting  from  improper  cleaning 
after  soldering  are  frequently  worse  than  the  good  effects  of  the 
8icA<\cnng,    This  is  particularly  noticeable  in  electrical  work. 

For  strength,  fit  the  parts  accurately.  The  more  accurate  the 
fitting  the  stronger  the  result.  Use  a  solder  with  as  high  a  melting 
point  as  possible.  Apply  the  proper  heat  as  it  should  be.  The 
nearer  the  temperature  of  work  to  be  joined  is  brought  to  the  fusing 
fxnni  of  the  solder  the  better  will  be  the  union,  since  the  solder  will 
flow  more  readily. 

Fluxes  for  Different  Metals 

There  are  on  the  market  a  number  of  fluxes  or  soldering  salts 
that  are  giving  good  satisfaction.  A  form  that  is  non-corrosive 
and  very  popular  with  electrical  workers  is  the  soldering  stick  in 
which  the  ingredients  are  molded  into  stick  form  about  i  inch  diam- 
eter and  6  inches  long. 

The  action  and  use  of  a  flux  in  soldering  are  to  remove  and  pre- 
vent the  formation  of  an  oxide  during  the  operation  of  aolderiiig, 
and  to  allow  the  solder  to  flow  readily  and  to  imite  more  furmly 
with  the  surfaces  to  be  joined. 

J'ar  skeel  /in,  on  the  best  work  rosin  or  colophony  is  used;  but 
owing  to  the  ease  of  applying  and  rapidity  oi  yiqiVmi^^  wat  ^jaUitiidb 
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^MAdd  is  more  generally  used.     Beeswax  ca.n  also  be  used,  as  aL 
almost  any  of  the  pastes,  [als  or  liquids  prepared  for  the  purpose. 

For  lead,  a  flux  of  oil  aad  rosin  in  equa)  parts  works  very  well. 
Tallow  is  also  a  good  flux.  Rosin  or  colophony  is  much  used,  and 
zinc  chloride  will  keep  the  surfaces  in  good  condition. 

Lead  hurtling  is  a  different  operation  from  soldering,  and 
present  lime  almost  a  lost  art.  The  surfaces  must  be  brig 
free  from  OJdde;  solder  is  not  used  as  a  llui,  but  a  piece  of  lead  and 

For  brass,  zinc  chloride  or  almost  any  of  the  soldering  preparsfj 
tions  is  used.  Care  must  be  taken  to  remove  any  scale  or  oxide,' 
if  a  good  joint  is  wanted.  On  new  metal  this  is  not  much  trouble^ 
but  on  old  or  repair  work  it  is  sometimes  exceedingly  difficult.  T' ' 
is  p>arlicularly  noticeable  on  metal  patterns  that  have  been  in  1 
for  some  time.  The  scraptr  must  be  brought  into  use  lo  remove 
Many  use  with  considerable  success  an  add  dip  such  as  is  cQ 
monly  used  by  electro  platera,  for  removing  the  oxide.  Oily 
greasy  work  can  be  cleaned  by  the  use  of  potash  or  lye,  hut  can; 
must  be  exercised  that  the  brass  is  not  left  too  long  in  the  solutloOf 
especially  if  it  contains  any  joints  previously  soldered,  since  the 
action  set  up  vrill  dissolve  the  solder  entirely  or  roughen  up  the' 
jcnnt  to  such  an  extent  as  to  require  refinishing.  '^ 

For  copper,  the  same  fluxes  as  for  brass  are  used.  On  old  work  ^ 
it  is  almost  always  tlecessary  to  scrape  the  parts  to  be  joined  to  gel 
the  solder  to  hold.  A  particularly  difficult  piece  of  work  to  solder 
is  an  old  bath  tub.  The  grease  and  soap  form  a  layer  that  is  imper- 
vious to  any  of  the  fluxes,  and  it  must  be  carefully  removed  entirely 
if  good  work  is  wanted. 

For  zinc,  use  muriatic  acid  almost  full  strength  or  chloride  of 
zinc  solution.  Zinc  is  the  mela!  that  has  a  "critical  temperature" 
more  than  any  other  metal  except  the  softer  alloys.  If  the  iron  is 
overheated,  the  zinc  is  melted  and  a  hole  burned  in  the  metal; 
even  if  this  does  not  occur,  the  surface  of  the  metal  is  roughened 
and  there  is  formed  on  the  soldering  copper  an  alloy  that  will  not 
flow  but  simply  makes  a  pasty  mass.  At  the  correct  heat  the  solder 
will  flow  readily  and  unite  firmly  mth  the  metal.  Especially  if 
the  work  is  to  be  painted,  care  should  be  taken  to  neutralize  and 
wash  off  any  excess  of  acid  or  soldering  solution,  as  it  is  impossible 
to  cause  paint  to  adhere  properly  unless  this  is  done. 

For  gabianiied  iron,  use  muriatic  add,  chloride  of  zinc  solution 
or  rosin,  and  be  sure  to  see  that  the  acid  is  neutralized  if  the  work 
is  to  be  painted.  Many  cornices  and  fronts  are  made  of  this  metal 
and  are  very  unsightly  in  a  short  time  after  being  painted,  particu- 
larly at  the  joints,  owing  to  lack  of  care  in  removing  the  excess  flux. 

An  action  that  is  not  usually  taken  into  consideration  in  the  joining 
of  galvanized  iron  or  zinc  with  copper,  as  is  sometimes  done,  is  the 
electrical  action  set  up  by  the  metals  it  any  moisture  is  present. 
This  is  very  noticeable  in  dties  where  the  add  from  the  atmosphere 
ion.  It  will  nearly  always  be  found  that  the  no* 
n  has  been  greatly  injured  aV  the  ■p\a.ce4  yiTfti. 
■on  i-r  steel,  zinc  chloride  la  best.  TUe  Vicm  ox  «s« 
wort,  should  be  previously  treeil  trum  5Ka\e  wi  o"R 
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and  tinned  before  joining.  Where  the  oxide  is  not  very  heavy, 
the  iron  can  be  cleaned  by  brushing  with  muriatic  acid  and  rubbing 
with  a  piece  of  zinc. 

The  Fluxes  Themselves 

The  above  paragraphs  give  the  fluxes  adapted  to  the  various 
metals;  the  fluxes  themselves  are  as  follows: 

Hydrochloric  or  muriatic  acid.  The  ordinary  commercial  acid 
is  much  used  in  full  strength  or  slightly  diluted  to  solder  zinc,  par- 
ticularly where  the  zinc  is  old  or  covered  with  an  oxide. 

Rosin  or  colophony ^  powdered,  is  commonly  used  for  copper,  tin 
and  lead,  and  very  generally  by  canneries  and  packing  houses  on 
account  of  its  non-poisonous  qualities.  It  is  also  used  mixed  with 
common  olive  oil.  Turpentine  can  also  be  used  as  a  flux.  Beeswax 
is  a  good  but  expensive  flux.  Tallow  is  also  used  for  lead  pipe, 
but  is  more  frequently  mixed  with  rosin. 

Palm  or  cocoa  oil  will  work  well,  but  is  more  generally  used  in 
the  manufacture  of  tin  plate.  The  common  green  olive  oil  works 
very  well  with  the  more  fusible  solders. 

As  expedients  we  can  use  a  piece  of  common  stearine  candle  or 
a  piece  of  common  brown  rosin  soap  or  cheap  furniture  varnish, 
which  is  largely  composed  of  rosin.  Parafl&n,  vaseline  and  stearine 
are  recommended  for  use  with  some  of  the  alloys  for  soldering  alu- 
minum. 

Chloride  of  zinCy  actd,  or  soldering  liquid,  is  the  most  commonly 
used  of  all  the  fluxes;  as  usually  prepared,  simply  dissolve  aa  much 
scrap  zinc  in  the  ordinary  commercial  muriatic  acid  as  it  will  take 
up.  But  if  it  is  diluted  with  an  equal  quantity  of  water  and  a  small 
quantity  of  sal  ammoniac  is  added  it  works  much  better  and  is  less 
likely  to  rust  the  articles  soldered.  If  they  are  of  iron  or  steel,  about 
2  ounces  to  the  pint  of  solution  is  about  the  proper  quantity  of  pow- 
dered sal  ammoniac  to  add. 

In  preparing  this  solution,  a  glass  or  porcelain  vessel  should  be 
used;  owing  to  the  corrosive  fumes,  it  should  be  done  in  a  well- ven- 
tilated place.  Use  a  vessel  of  ample  capacity,  since  there  is  con- 
siderable foaming  or  boiling  of  the  mixture. 

Soldering  liqmdj  non-corrosive  y  is  also  prepared  by  dissolving 
the  zinc  in  the  acid  as  above  and  adding  one  fourth  of  the  quantity 
of  aqua  ammonia  to  neutralize  the  acid,  then  diluting  with  an  equal 
quantity  of  water. 

Soldering  liquid y  neither  corrosive  nor  poisonous.  Dissolve  ij 
parts  glycerin,  12  parts  water,  and  add  i  J  parts  lactic  acid. 

Soldering  paste.  When  a  solution  of  chloride  is  mixed  with  starch 
paste,  a  syrupy  liquid  is  formed  which  makes  a  flux  for  soldering. 

Soldering  fat  or  paste.  Melt  i  pound  of  tallow  and  add  I  pound 
of  common  olive  oil.  Stir  in  8  ounces  of  powdered  rosin;  let  this 
boil  up  and  when  partially  cool,  add  with  constant  stirring,  J  pint 
of  water  that  has  been  saturated  with  powdered  sal  ammoniac. 
Stir  constantly  until  cool.  By  adding  more  rosin  to  make  it  harder, 
this  can  be  formed  into  sticks.  A  very  good  acid  mixture  for  clean- 
Ing  work  to  be  soldered  is  equal  parts  of  nitric  and  sulphuric  add 
and  water.     Never  pour  the  water  into  the  acid. 


SOLDERING   CAST  IRON 


Cleanmg  and  Holding  Work 


For  copper  work  a.  dilute  sulphuric  acid  is  best.  Arlides  of  lead 
and  zinc  can  be  deant^  with  a  potash  solution,  but  care  must  be 
eitercised  as  the  alkalies  attack  these  metals.  For  zinc,  a  dilute 
solution  of  sulphuric  or  muriatic  arid  will  clean  the  surface. 

For  cleaning  or  removing  the  oxide  or  other  foreign  material, 
scrapers  and  fies  are  frequently  usfd.  .  An  old  file  bent  at  Ihe  ends 
and  with  the  comers  flaring  makes  a  handy  tool.  Grind  the  edge 
sharp  and  make  as  hard  as  posable. 

To  enable  difficult  prints  lo  be  "filled,"  sometimea  a  small  piece 
of  moist  day  pressed  into  shape  to  form  the  demrcd  shape  can  be 
used  to  advantage  as  a  guide  for  the  solder.  Another  use  of  the 
day  is  to  embed  the  parts  in,  to  hold  them  in  position  for  soldering. 

Plaster  of  paris  is  also  used  for  this  purpose,  but  is  sometimes 
difficult  to  remove,  especially  in  hollow  pieces.  A  dilute  solution 
of  muriatic  add  will  help  to  get  this  out,  however. 

Castings  containing  aluminum  are  always  harder  to  solder  than 
other  alloys.  In  some  instances  where  the  percentage  of  aluminum 
is  high,  it  is  necessary  to  copperplate  the  parts  lo  be  jmned  before 
a  satisfactory  ydat  can  be  made.  In  neariy  every  instance  the  work 
tan  be  "stuck"  together,  but  not  actually  soldered. 

In  metal-pattern  making  too  little  attention  is  given  to  both  the 
filting  of  the  parts  and  the  selection  of  the  solder  lo  joint  the  work. 
A  good  grade  should  always  be  used,  and  it  must  be  borne  in  mind 
that  the  higher  the  nieltjog  point  of  the  solder  the  stronger  the  joint. 

A  very  good  job  o(  soldering  can  be  done  on  work  that  will  permit 
of  it  by  carefully  filting  the  parts,  la)ing  a  piece  of  tin  foil,  covered 
on  both  ^des  with  a  Sux,  between  the  parts  to  be  joined  and  pressing 
them  tightly  together.  Heat  until  the  fnil  is  melted.  This  is  very 
good  in  joining  broken  parts  of  brass  and  bronze  work.  If  they 
fit  well  together,  they  can  frequently  be  jmned  in  this  manner  so 
that  the  joint  is  very  strong  and  almost  imperceptible. 

Soldering  Cast  Iron 

Far  cast  iron,  the  flux  is  usually  regarded  as  a  secret.  A  number 
of  methods  are  in  use;  one  of  the  oldest  and  least  satisfactory  is  to 
brush  the  surfaces  thoroughly  with  a  bmss  scratch  brush.  Bruslv 
until  the  surface  is  coated  with  brass,  then  tin  this  surface  and  solder 
as  usual.  If  plating  [acilities  are  to  be  had,  copperplate  the  parts 
and  solder  together.  This  method  has  been  used  very  successfully 
fur  a  number  of  years. 

A  fair  substitute  for  the  above  is  to  clean  the  surfaces  thoroughly 
and  copperplate  them  with  a  solution  of  sulphate  of  copper:  about 
I  ounce  sulphate  of  copper,  Jr  pint  water,  J  ounce  sulphuric  add. 
Brush  this  solution  on  or  dip  into  the  solution,  rinse  on  and  dry  it 
well  before  soldering. 

Another  method  is  to  tin  the  cast  iron.  To  do  this,  first  remove 
B  scale  imdl  the  surface  is  clean  and  bright.  T\ie  easieeK.  "wa.!  'w 
^*^  b  with  the  emery  wheel.  Dip  in  a  \ye  \o  lemavt  a.t\T  'g'ta^ 
ye  tin  lye  off;  then  dip  into  muriatic  acid  ol  liw  vi5sj»\  s\.tciv^ 
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Then  go  over  the  surface  with  rosin  and  a  half  and  half  solder.  It 
may  be  necessary  to  dip  into  the  acid  several  times  to  get  the  piece 
thoroughly  tinned.  Rubbing  the  surface  of  the  iron  with  a  piece 
of  zinc  while  the  acid  is  still  on  it  will  facilitate  the  tinning. 

Another  method  of  soldering  cast  iron  is  to  clean  the  surface  as 
in  the  previous  operation  and  then  brush  over  with  chloride  of  zinc 
sdiution  and  sprinkle  powdered  sal  ammoniac  on  it;  then  heat  until 
the  sal  ammoniac  smokes.  Dip  into  melted  tin  and  remove  the 
surplus;  repeat  if  not  thoroughly  tinned.  Half  tin  and  half  lead 
works  well  as  a  solder  for  this. 

CommtUatar  wires  and  electrical  connections  should  never  be  sol- 
dered by  using  an  add  solution,  owing  to  the  corrosive  action  after- 
ward.   A  good  flux  is  an  alcoholic  solution  of  rosin. 

Cold  Soldering  for  Metals,  Glass,  Porcelain,  etc. 

Precipitate  the  copper  from  a  solution  of  the  sulphate  by  putting 
in  strips  of  zinc.  Place  the  copper  powder  in  a  porcelain  or  wedge- 
wood  mortar  and  mix  it  with  from  20  to  30  parts  of  sulphuric  acid 
of  1.85  degrees  Baume.  Then  add  70  parts  of  mercury  when  well 
mixed,  wash  well  with  water  to  remove  the  excess  of  acid  and  allow 
it  to  cool.  To  use  it,  heat  it  and  pound  it  well  in  an  iron  mortar 
until  it  becomes  plastic.  It  can  then  be  used  and  adheres  very  firmly 
when  cold.  No  flux  is  needed,  but  the  surfaces  must  be  clean.  This 
is  used  where  heat  cannot  be  used,  or  to  join  metal  parts  to  glass  or 
porcelain. 

A  solution  of  copper  for  copperplating  steel  or  cast  iron  before 
soldering  will  work  by  simply  immersing  the  work  in  it.  This  is 
also  useful  to  copper  the  surface  of  dies  and  tools  to  enable  the  me- 
chanic to  "lay  out  "or  scribe  the  work  so  that  the  lines  can  be  readily 
seen.  Take  copper  sulphate  3!  ounces,  sulphuric  acid  3 J  ounces, 
water  i  to  2  gallons.  Dissolve  the  copper  in  the  water  and  add  the 
acid. 

Solders  and  Fusible  Alloys 

Solders  act  under  constant  stress  considerably  like  plastic  or  semi- 
fluid material.  Their  fluidity  resembles  that  of  tar  or  gum,  and  their 
distortion  with  time  is  greater  than  would  be  thought.  In  a  series 
of  tests  a  notable  point  brought  out  was  the  varying  degrees  of 
strength  with  age.  Tensile  strength  increases  with  the  percentage  of 
tin  present,  but  when  the  solder's  age  is  considered  as  a  factor,  the 
product  possesses  its  maximum  value  at  60  per  cent,  tin,  showing  this 
property  as  similar  to  that  of  the  melting  point  and  depending  upon 
chemical  composition. 

For  general  work,  the  solder  requiring  resistance  to  stress  is  60 
per  cent,  tin,  but  for  work  requiring  little  mechanical  strength,  such 
as  sealing,  a  lower  per  cent,  of  tin  may  be  used. 

Generally  speaking,  all  solders  are  alloys  of  lead  and  tin.  The  more 
lead  the  alloy  contains,  above  40  per  cent.,  the  higher  is  its  melting 
point,  as  also  the  less  lead  it  contains,  below  40  per  cent.,  the  higher 
^s  its  melting  point. 
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The  melting  point  of  alloys  which  fuse  at  a  low  temperature  may 
be  found  by  t3dng  a  small  wire  around  a  fragment  of  alloy  and  hang- 
ing it  in  a  bath  of  water.  A  thermometer  should  be  kept  in  the  bath 
and  the  temperature  increased  slowly  until  the  alloy  melts.  The  melt- 
ing point  of  the  alloy  can  then  be  noted  by  the  temperature  of  the 
bath.  For  higher  temperature  a  bath  of  paraffin  or  oil  is  used.  If 
bismuth  is  added  to  these  allo3rs  the  melting  point  is  lower,  as  bismuth 
possesses  the  quality  of  expanding  on  cooling,  a  property  which  is 
very  unusual  in  metals.  Bismuth  is  used  not  only  to  make  the  alloy 
or  solder  more  easily  worked,  by  diminishing  its  melting  point,  but 
if  sufficient  quantity  be  present  its  expansive  tendency  counter- 
balances the  effects  of  the  contraction  of  the  other  metals,  and  the 
total  result  is  the  prevention  or  reduction  of  shrinkage  in  the  mold. 
The  addition  of  cadmium  still  farther  lowers  the  melting  point  of  such 
alloys  as  those  of  bismuth,  lead  and  tin,  which  in  themselves  have 
very  low  melting  points. 

Composition  and  Melting  Point  of  Solders  and  Fusible 

Alloys 


AUoy 

Lead 

Tin 

Bb- 
muth 

Other 
Constitu- 
ents 

Melting  Point 

Cent. 

Fahr. 

Solder  i 

96.15 
90.9 

83.3 
75-0 
66.7 

50.0 
40.0 

33.3 

333 

48.4 

44.5 
42.1 

lO.O 

30.0 

31-25 
28.1 

25.0 

25.0 

26.9 

66.7 

3.85 
9.1 

16.7 

25.0 

33-3 
50.0 

60.0 

66.7 

33-3 

40.0 
20.0 

18.75 
21.9 

25.0 

12.5 
12.7 

33.3 
12.8 

22.2 

42.1 

50.0 

50.0 

50.0 

50.0 

50.0 

50.0 

50.0 

8.3 

Zinc 
38.8 

33-3 
15.8 

Cadmium 

12.5 
10.4 
25.0 

292 

283 

266 

250 

227 

188 

168 

171 

140 

171 

141 

123 

116 

100 

98 

95 

93 
60 

66 

66 

558 
541 

511 

482 

441 

370 

334 
340 
284 

340 

28s 

253 
240 

212 

208 

203 

200 

140 

150 

150 

Solder  2 

Solder  ^ 

Solder  4 

Solder  5 

Solder  6 

Solder  7 

Solder  8 

Solder  9 

1.  Steam  boiler  plug 

2.  Steam  boiler  plug  . 

3.  Steam  boiler  plug  . 

4.  Steam  boiler  plug  . 
Sir  Isaac  Newton's. 
Suitable  for  casts  . 

Rose's  alloy    

D'Arcet's  alloy  . . . 

Wood's  alloy 

Lipowitz's  alloy  . . 
Expanding  alloy  . . 

Hard  solders  sometimes  contain  more  or  less  copper.  A  substan- 
tial solder  contains  60  per  cent,  copper,  20  per  cent,  tin  and  20  per 
cent.  zinc.     An  easily  melted  yellow,  hard  solder  contains  «Jaa>aJe  \'S 

Eer  cent,  copper  and  55  per  cent.  zinc.    TYua  soVdei  \?»  xeaJOt^  ?v,\3rfa.'5s»% 
ut  at  times  is  used  for  soldering,  binding  and  ftVWn^  pwr^os^. 
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Nearly  all  aluminum  solders  are  alloys  of  tin  and  aluminum  that 
contain  from  15  to  25  per  cent,  aluminum.  A  small  per  cent,  of  cop- 
per or  nickel,  never  exceeding  2  or  3  per  cent.,  is  sometimes  used. 
The  exact  point  of  separation  between  a  fusible  metal  and  a  non- 
fusible  on6  is  very  uncertain,  thus  several  additional  alloys  are  given 
in  the  table.  In  filling  up  imperfections  in  ornamental  castings  for 
plugs  in  electrical  wiring  and  on  boilers  in  engineering  work,  fusible 
alloys  are  used.  Sometimes  defects  in  structural  steel  have  been 
filled  in  with  expanding  alloy,  after  being  dressed  in  a  coat  of  point. 
The  United  States  Government  rules  call  for  pure  Banca  tin  for  boiler 
plugs,  but  this  is  not  essential  and  any  good  tin  wiU  serve  the  purpose. 

Experiments  have  been  made  in  an  engineering  college  quite  recently 
for  the  purpose  of  finding  the  way  of  making  solder  joints,  as  well  as 
measuring  their  tensile  strength.  Any  pressure  upon  the  solder  at 
the  moment  of  setting  diminishes  the  strength  of  the  joint.  Thus,  in 
making  a  solder  joint,  the  upper  piece  should  be  held  above  the  lower 
one,  the  solder  fused  by  means  of  two  blow  torches,  and  the  pieces 
brought  together  by  very  slow  and  easy  pressure.  By  employing  this 
method,  which  differs  from  that  commonly  called  "sweating,"  the 
joint  is  less  liable  to  be  broken,  as  the  crystalline  composition  of 
the  resulting  mass  contains  less  resistance  at  this  time. 

In  addition  it  is  fovmd  that  there  is  remarkable  variation  with  time 
of  the  tensile  strength  of  such  joints,  which  is  also  in  accord  with 
what  would  be  considered  proper  by  engineering  science  in  this  field. 
Under  any  circumstances  the  average  strength  attained  does  not 
exceed  27,000  pounds  per  square  inch,  and  was  obtained  from  solder 
made  with  three-fifths  of  its  composition  tin. 


GEARING 

GEAR  TEETH  —  SHAPES  OF 

Cycloidal  or  Epicyclaidal.  —  A  curved  tooth  generated  by  the  point 
of  a  circle  rolling  away  from  the  gear  wheel  or  rack. 

InvohUe.  —  A  curved  tooth  generated  by  unwinding  a  tape  or 
string  from  a  cylinder.    The  rack  tooth  has  straight  sides. 

Involute  Standard, — The  standard  gear  tooth  has  a  14^  degree 
pressure  angle  which  means  that  the  teeth  of  a  standard  rack  have 
straight  sides  14!  degrees  from  the  vertical. 

Involute  —  Stubbed.  —  A  tooth  shorter  than  the  standard  and 
usually  with  a  20-degree  pressure  angle. 


GEARS  — TEETH  AND  PARTS 


•<' — Olraiiigf 


^  —  --J-  *MMiiiTCd  on  Um Fttoh  Oixcl*  OlMnnoal 

Fig.  I.  —  Part  of  Gear  Teeth 


Addendum.  —  Length  from  pitch  line  to  outside. 

Chordal  Pitch.  —  Distance  from  center  to  center  of  teeth  in  a 
straight  line. 

Circular  Pitch.  —  Distance  from  center  to  center  of  teeth  meas- 
ured on  the  pitch  circle. 

Clearance.  —  Extra  depth  of  space  between  teeth. 

Dedendum.  —  Length  from  pitch  line  to  base  of  tooth. 

Diametral  Pitch.  —  Number  of  teeth  divided  by  the  pitch  diam- 
eter or  the  teeth  to  each  inch  of  diameter. 

Face.  —  Working  surface  of  tooth  outside  of  pitch  line. 

Flank.  —  Working  surface  of  tooth  below  pitch  line. 

Outside  Diameter.  —  Total  diameter  over  teeth. 

Pitch  Diameter.  —  Diameter  at  the  pitch  line. 

Pitch  Line.  —  Line  of  contact  of  two  cylinders  which  would  have 
the  same  speed  ratios  as  the  gears. 

Linear  Pitch.  —  Sometimes  used  in  rack  raeaswTe,rcv&TvV.    ^^xcv^  -aa 
circular  pitch  of  a  gear, 
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aRCULAR  PITCH 


Hiving 

To  Get 

Rule 

Formula 

Tlg^  DiAmetnJ  ^ 

The  Circular 
Piich 

Pilch  raunaer 

Pilch  Diunetei 
Pilch  Diameter 
Ouldde  Dlwneter 
Outside  Diameter 
Oulside  Diameter 

Thickness  of 
Addendum 
Root 
Worliiog       Depth 
Whole  Depth 
Qearance 
Clearance 

Divide  J.T4.6  bj  (he  Di- 

The  Filch  Di- 
ameter    and 
(he    Number 
olTe«h   ... 

The       OulAle 
Diuneler  and 

of  Teeth"'.-. 

The      Number 
of  Teelh  and 
(be    Citcuior 
Pitch   

The      Number  1 
o(  Teeth  and  I 
(he     OuLwle 

Divide  Pitch  Dbmeler  hv 

Divide  Outside  Diameter  by 
the  pcoduct  of  .,,^3  and 
Number  of  Teeth  plus  J 

The   continued   pmilucl   of 
Ihe  Number  of  Teelh.  the 
Orcuiat  Pitch  and  .jiSj 

Divide  the  pmduci  of  Num- 
ber of  Teelh  and  Outside 
Diameler   by   Number   of 

Ihe    Circular  1 

SulHnict  from  the  Outside 
Dlomeler  the  product  of 
the    Qrcuior    Ktch    and 

D--D- 

The      Number 
of  Teeth  and 
Ihe    Circular 

Multiply    the    Number    of 
Teeth  by  the  Addendum 

^  ^bl^of  Teel"h*plS 
a,  Ihe  Circular  Pitch  and 

D  -W-f  J) 
i"  .3.83 

The  Ktch  M- 
ameter^    and 

The      Number! 
of  Teeth  and 

The  Pilch  Di- 

The      Circular  1 
Pilch   1 

The,      Circukr  j 

Add  to  the  Pilth  Diomcler 
cularPiKh  and  .6366.... 

"SEerol^&p-fu,^ 

the  Orcukr  Kith  

One  half  the  Circubr  Rtd. 
Multiply  Iba  Circular  Pilch 

by.j.8j<jri-^   

Muldply  the  Circular  Pilch 

D-D-+ 
(.P-AitA) 

. -i-.j.a3 

s+f~P'.36i3 

■^tch"™^! 

Multiply  the  Chrular  Pitch 

iy~P'  £366 

m^arcuUr, 

Ts^"". """"".";"' 

iJ-=P'.6866 

^ich""'!^! 

MutUpl,  Ihe  Circukr  Pilch 

iiy  -oj 

One  lenlh  Ibe  Thickness  of 
Tooth  at  Pilch  Line  .... 

f-i'.oS 

DIAMETRAL  PITCH 


The      Circulfli  J 

PiKh    

Hie  Pitch  DI- 


oITeelh   , 
The  Number  _ 

DUmelrai 

ThePltthbia^'- 
Ua  ant)  Ibe 
DUmetrBl 
Pilch   

The  Pilch  Di- 

the  Number 
QlTcelh    ... 

The  Number  of 
Teeth  vtd 
Addendum  . . 

The   Pilch   K- 

the  Diunetnl 
The  Oulside 
the  Dinmetni 

The   DiBinetnl'l 

Rich   ' 

Tlw   EHunetral  I 

Pllch  .  .  I 
The   Diametral 

Pitch   

The   Dianietral. 

Pilch   

The  Diameual  I 

Rich   

The    DismMral  . 

Pilch    

Tlilcbusa       of  : 

TooUi 


The  Diametral 


Subtract  [rum  the  Oulsidt 
Diamelei'  the  quollcat  ol 
1  divided  1v  the  Diu    '    ' 


Oulside  Dimneti 
Oulside  Die 


?£«;' 

by  Ibe 

Or- 

.be 

ufTe. 

hbjr 

ivide    N 

™   Ouislde 

■s 

}ivide  Ihc  Product  of  C 
side  Diameter  .ud  Ni 
lier  of  Teeth  by  Nuni 


'ultiply  Addendum  by  the 


Pilch.. 


I  Diameti 


Add  to  the  Pilch  Dial 

the  nuoEient  oJ  a  divided 
by    Ihc    Diunelial    Pilch 

Divide  Ihe  Number  of  Teeth 
plus  I  by  ilie  quoliebt  dI 
Number  of  Teelh  aod  by 
the  Pilch  Diinieler  

Multiply  the  Number  ol 
Teelb  plus  3  by  Adden- 


MulUply  Pllch  DismeU 
Ihe  Diametral  Hlcb  , 

Multiply  Outside  Diaraeler 
by    the    Oiametral    Pilch 

i.^oS   by   the   pi- 


1.157  by  the  Diair 

Pitdi    

3  by  the  Diameln 


D=CjV+3)j 
N'-D'P 


g6  GEARING 

Table  op  Cobrespondihg  Diauetral  a 


)  Circular  Pitches 


Tabik  No.  I 

DiUKU^ 

Ciraibr  Pilch 

^K" 

IJtaioelrai  Pilch 

.i 

'■SiiS 

3 

'■57' 

't 

30944 

1.676 

ll 

I-79S2 

^■795 

i.57> 

'•93i 

■'i 

■.396 

1.094 

^i 

1-^57 

■  '. 

X18S 

^i 

ii 

".28s 

3 
3i 

1.047 
.89a 

:f 

3..J94 
2.5'3 

.785 

■A 

1.646 

S 

.628 

li 

3-793 

6 

■524 

'A 

2.957 

7 

.449 

^■Ma 

8 

■393 

il 

3-3S1 

9 

■349 

3^590 

■3'4 

H 

3.867 

.286 

4.189 

12 

.262 

* 

4.570 

14 

5.D27 

i6 

.196 

A 

S.58S 

[S 

.175 

) 

6.2S3 

■157 

A 

7.i3[ 

24 

■H3 
■13' 

1 

8.378 
IOOS3 

26 

i 

13.366 

28 

.112 

i' 

■S-7SS 

.105 

1 

35- '33 

3' 

.ogS 

iV 

50.366 

36 

.087 
.079 

48 

.ofis 

No.  I  table  shows  the  diametral  pitches  with  the  corresponding 
:ircular  pitches. 

No.  2  table  shows  the  circular  pitches  with  the  corresponding 
diametral  pitches. 

It  ja  most  natural  to  think  o(  gears  in  circular  or  linear  pilch  and 
»e  soon  get  to  know  the  size  of  any  pilch,  as  12,  as  being  a  little 
Jver  i  inch  from  center  to  center.  But  the  diametral  system  has 
ly  advantages  in  figuring  gear  blanks,  center  distances,  etc, 


CONSTANTS  FOR  CHORDAL  PITCH 
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CONSTANTS  FOR  DETERMINING  CHORDAL  PITCH  AND 

RADIUS  OF  SPUR  GEARS 

P  =  Chordal  Pitch  of  Teeth. 

R  =  Radius  of  Pitch  Circle. 

N  =  Number  of  Teeth. 

C  =  Constant.     (See  table  below.) 

^,      J  ,     .    ,  Radius  of  pitch  circle 

Chordal  pitch  =  — ; ; ; -, 

Constant  for  number  of  teeth 

Radius  of  pitch  circle  =. Constant  X  chordal  pitch. 

r^      J.     J.  r  tfx.1.        Radius  of  pitch  circle 

Constant  for  any  number  of  teeth  =  tt rr — :^ — ;: r. 

Chordal  pitch  of  teeth 

Examples:  i.  What  is  radius  of  pitch  circle  of  a  gear  having  45  teeth, 

i}  inch  pitch?     Follow  40  in  table  to  column  5  (making  45  teeth), 

and  find  7.16&     Multiply  by  pitch,  i}  inch,  and  get  12.54  inches 

radius  or  25.08  pitch  diameter. 

2.  What  is  the  chordal  pitch  of  a  gear  32  inches  pitch  diameter, 
67  teeth?  Follow  60  in  table  to  column  7  and  find  10.668.  Divide 
radius  (J  of  32  =  16  inches)  by  constant.  16  -r-  10.668  =  1.5  inch 
pitch. 

3.  What  number  of  teeth  has  a  gear  of  1.5  inch  chordal  pitch  and 
pitch  diameter  32  inches?  Divide  by  2  to  get  radius.  Divide  this 
by  chordal  pitch  which  will  give  constant.  16  t-  1.5  =  10.666,  Look 
in  table  for  this  constant  which  will  be  found  to  represent  67  teeth. 

Table  of  Constants 


N 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.000 

0.000 

0.500 

0.577 

0.707 

0.851 

1. 000 

1-152 

1.307 

1.462 

10 

1.618 

1.774 

1.932 

2.089 

2-247 

2.405 

2.563 

2.721 

2.879 

3.038 

20 

3.196 

3-355 

3513 

3-672 

3.831 

3.989 

4.148 

4-307 

4.465 

4.624 

30 

4.783 

4.942 

S-ioi 

5-260 

5-419 

5-578 

5.737 

5-896 

6.055 

6.214 

40 

6.373 

6.532 

6,691 

6.850 

7.009 

7.168 

7.327 

7.486 

7.645 

7.804 

so 

7.963 

8.X22 

8.281 

8.440 

8-599 

8.758 

8.918 

9-077 

9.236 

9-395 

60 

9.SS4 

9-713 

9-872 

10.031 

10.190 

10.349 

10.508 

10.668 

10.827 

10.986 

70 

II.I4S 

11.304 

n.463 

11.622 

11.781 

11.940 

12.099 

12.258 

12.418 

12.577 

80 

12.736 

12.895 

13.054 

13-213 

13-372 

13-531 

13.690 

13-849 

14.008 

14.168 

90 

14.327 

14.486 

14-645 

14.804 

14.963 

15.123 

15.282 

15.441 

15.600 

15-759 

xoo 

15-918 

16.077 

16.236 

16.395 

16.554 

16.713 

16.873    17.032 

17.191 

17-350 

no 

17.509 

17.668 

17.828 

17.987 

18.146 

18.305 

18.464 

18.624 

18.783 

18.942 

120 

19.101 

19.260 

19.419 

19.579 

19.738 

19.897 

20.056 

20.215 

20.375 

20.534 

130 

20.693 

.20.852 

21.011 

21.170 

21.330 

21.489 

21.648 

2lA)7 

21.966 

22.126 

140 

22.285 

22.444 

22,603 

22.762 

22.921 

23.081 

23240 

23-399 

23-558 

23.717 

150 

23.877 

24.036 

24.195 

24-354 

24.513 

24.672 

24.832 

24.991 

25-150 

25-309 

z6o 

25.468 

25.627 

25.787 

25.946 

26.105 

26.264 

26.423 

26.583 

26.742 

26.901 

170 

27.060 

27.219 

27.378 

27-538 

27.697 

27-856 

28.015 

28.174 

28.334 

28.493 

180 

28.652 

28.811 

28.970 

29.129 

29.289 

29.448 

29.607 

29.766 

29.925 

30.085 

190 

30.242 

30.403 

30.562 

30-721 

30.880 

3 1  040 

31-199 

31.358 

31-517 

31-676 

soo 

31.830 

31.989 

32.148 

32-307 

32.446 

32.625 

32.785 

32.944 

33-103 

33-262 

aio 

33.427 

33.586 

33.746 

33.905 

34.064 

34-223 

34.382 

34-542 

34.701 

34-860 

220 

35.019 

35.178 

35.337 

35-497 

35656 

35815 

35-974 

36.133 

36.293 

36.452 

230 

36.611 

36-770 

36.929 

37088 

37-248 

37-407 

37-566 

37-725 

37.884 

38.044 

240 

38.203 

38.362 

38.521 

38.680 

38.839 

38.999 

39.158 

39.317 

3«>.^n^\  ^<>>^'i>'a 

250 

39.7P5 

1 

i       \       \       \     ^ 

GEARING 
Gear  Wheels 


1 

■§ 

1 

1 

■B 

~9£ 

1 

1 

1       J 

|J 

1 
1 

P 

1^ 

p 

i- 

' 

D- 

'+/       I 

y+s 

*   6 

2(^3^        3 

1416   1 

0000    4 

aooa 

2.3142    4 

3141 

4  4 

0944   I 

3,133    = 

1.5428    2 

876t 

1   3 

141 6    1 

S7c^    r 

1.1571    2 

■57" 

li   3 

SI33    1 

1566 

iooo    1 

.9'57    I 

7»57 

li   ^ 

0944    1 

0472 

6666    1 

3333 

■77'4    I 

4381 

il   ' 

J952 

8976 

S7M    I 

1429 

-6612    1 

2326 

S7°8 

7854 

5000    1 

.5785    ■> 

°7as 

»1   I 

3963 

6981 

■5143 

9587 

2i        1 

.566 

6283 

8000 

8628 

si  I 

1434 

57" 

3636 

7^73 

^2^ 

7844 

3   I 

047  J 

5236 

3333 

6666 

.3857 

7190 

3l 

8976 

4488 

3857 

5714 

.33°6 

6163 

■1 

7854 

Wl 

3500 

S°oo 

.2893 

5393 

s 

6283 

3'42 

4oao 

,2314 

4314 

6 

5336 

2618 

1&66 

3333 

359S 

7 

4488 

aj44 

1429 

=85  7 

^^653 

3°8i 

8 

19»7 

1963 

1250 

2500 

.1446 

2696 

9 

3491 

■745 

.1286 

3397 

3'42 

1571 

■1157 

3157 

3856 

.428 

ogog 

iSiS 

.961 

3618 

.309 

0833 

1666 

.0964 

■798 

13 

3417 

1308 

0769 

=  538 

-0890 

"659 

>4 

2344 

1,22 

0714 

.0826 

To  obtain  the  size  of  any  part  of  a  diametral  pitch  not  given  in  the 
(able,  divide  the  corresponding  part  of  i  diametral  pitch  by  the  pitch 
required. 


As  it  is  natural  to  think  of  gear  pitches  as  the  distance  between 
teeth  the  same  as  threads,  it  is  well  to  fii  in  the  mind  the  approri- 
Riate  center  distances  of  the  pitches  most  in  use.  Or  it  is  easy  to 
member  that  if  the  diametral  pitch  be  divided  by  3\  vie  have  the 
jth  per  inch  on  the  pitch  line.  By  this  method  we  easily  see  that 
a  10  diametral  pitch  gear  there  are  approximately  3  leelh  per  inch 
MJein  a  ix  diametral  pitch  there  will  be  just  7  teeth  to  the  inch. 


PARTS  OF  TEETH 
Tablk  OB  Tooth  Parts  —  Conimtted 

DIAHETBAL  PITCH  DT  PUtaT  COLUUH 


■5 

■3 

■s. 

•-la. 

I 

i 

■3 

1^ 

P 

J" 

■ 

' 

LT 

.+/ 

D*+/ 

'S 

.1094 

J  047 

c*66 

333 

0771 

1438 

i6 

..963 

0982 

0625 

250 

0713 

1348 

'7 

.1848 

0924 

0588 

176 

0681 

raOg 

18 

■1745 

^73 

"SSS 

0643 

1198 

19 

.1653 

OS3 

"35 

.1571 

0785 

0500 

000 

°S79 

1079 

.1428 

04S5 

3909 

0526 

ogSo 

.1,109 

0654 

0417 

^?,i 

0482 

0898 

afi 

.120S 

0604 

0385 

07fi9 

0445 

0S29 

18 

056. 

0357 

0413 

0770 

30 

.1047 

0524 

°333 

0666 

0386 

0719 

ja 

,0982 

0491 

031a 

°6as 

0361 

0674 

34 

.0924 

0588 

0340 

0634 

36 

.=873 

04j6 

0278 

D55S 

03  2t 

DS99 

38 

,0827 

0413 

0263. 

Vt 

0304 

0568 

40 

■078s 

0393 

0250 

0=89 

0539 

.074S 

0374 

0238 

047G 

027S 

OSM 

.0714 

0357 

°4?S 

0263 

0490 

46 

.0683 

0341 

OH7 

°435 

0233 

0469 

48 

,0654 

0337 

020a 

0417 

014. 

0449 

50 

.o6a8 

°3'4 

0231 

043  > 

56 

.0561 

0280 

c.;8 

0357 

038s 

6a 

.0534 

02&2 

0166 

0^33 

0193 

0300 

To  obtain  the  si 
table,  divide  the  ci 
required. 


As  it  is  natural  to  think  of  gear  pitches  as  the  distance  between 
teeth  the  same  as  threads,  it  is  well  to  fix  in  the  mind  the  approxi- 
mate center  distances  of  the  pitches  mi>st  in  use.  Or  it  is  easy  to 
remember  that  if  the  diametral  pitch  l,e  divided  by  3f  we  have  the 
teeth  per  inch  on  the  pitch  line.  By  this  method  we  easily  see  ttuA 
in  a  10  diametral  pilch  gear  there  are  BpproxiTnal.e\f  j  \ee\\\  v^i '«vjii 
while  in  a  32  diametral  pitch  there  will  be  just.  ■]  We4&  va  ftit  vo-^ti. 


Geak  Wbeei^ 
table  of  tooih  pabts cikcuuut  fitch  u  fibst  columh 


— 

5- 

"s-s 

T, 

~ 

i.% 

^ 

— ; — 

~ — 

■9 

y 

■s 

jS 

' 

^ 

i 

II 

1 

£ 

1 

It 

S 

l-i 

I 

-it 

% 

■0  = 

II 

f 

J" 

"^ 

* 

IT 

->+/  I 

r+f 

i'x.31 

PX^ 

1 

1.S708 

1  0000 

.6366  I 

2732 

.7366  . 

3732 

6200 

.6700 

A 

1.67SS 

-9375 

.5968  . 

1937 

.6906  I 

2874 

^5813 

.638[ 

) 

'■795^ 

.8750 

-557°  ' 

.6445  I 

2016 

-54=5 

■5863 

t 

■■93J3 

-8125 

■S173  I 

0345 

■5985  I 

1158 

.5038 

-5444 

3,«M4 

■7500 

■4775 

9549 

■55=5  1 

oagg 

.4650 

■5035 

'•/, 

1! 

»-i8s5 

.7187 

■4576 

9"5r 

■5294 

9870 

■4456 

.4876 

ll 

A 

1.2848 

.6875 

-4377 

8754 

.5064 

9441 

.4262 

.4606 

■4 

i 

=-3561 

.6666 

.4344 

8488 

.4910 

9154 

■4133 

.4466 

■A 

!! 

a-jgsfi 

.656a 

.4178 

8356 

.4834 

901 1 

.4069 

■4397 

.* 

1 

^■S"33 

.3979 

7958 

.4604 

8583 

■3875 

.4188 

■  A 

1 

=.6456 

■S937 

.3780 

75^ 

■4374 

8156 

.36B1 

■3978 

il 

1 

2.7925 

-5615 

■3S8t 

7.6, 

■4143 

7724 

■3488 

.3769 

■A 

Jl 

a.9568 

-53" 

■3382 

6764 

-3913 

719s 

■3294 

■3SS9 

3.1416 

.5000 

■3183 

.5366 

.3683 

6866 

.3100 

■3350 

V 

il^ 

3-35'o 

.4687 

.2984 

5968 

■3453 

6437 

.2906 

■3141 

i 

3.5904 

■4375 

.^785" 

SS70 

■3123 

.2713 

■3931 

il 

■A 

3.8666 

.406, 

-»S86 

S173 

-1993 

5579 

-'S19 

.27211 

! 

'i 

3-9170 

.4000 

.2546 

509a 

.194'" 

549» 

.2480 

.3680 

i) 

4.188S 

.375a 

■3387 

477S 

.2762 

5'5o 

■33=5 

■3513 

i 

'f. 

4.5696 

■3437 

.2,89 

4377 

.1533 

47  30 

.3131 

.3303 

1 

4.7134 

.3333 

4144 

-24SS 

4577 

.2066 

.2233 

S-°^6s 

.3  "5 

..989 

3979 

.2301 

4291 

.1938 

■3094 

5-^360 

.300a 

.1910 

3830 

41 3Q 

.1860 

5-4978 

.3857 

■  1819 

3638 

.2105 

39=3 

-'77' 

.1914 

j^ 

S.58S. 

■1790 

35B1 

.207! 

3862 

.1744 

.1884 

To  obCain  the  size  of  any  part  of  a  circular  pilch  not  given  in  the 
table,  multiply  the  corresponding  part  of  i'  pitch  by  the  pitch  re- 

As  an  example  take  a  Rear  having  21  diametral  pilch  to  find  the 

various  looth  parts.     Take  i  diametral  pitch  and  divide  3^i4i6  by 

Snd  the  correaponding  circular  pilch,  which  is  ,14951.    The 

bickness  is  1.5708-^  21  ^  .748;  the  addendum  is  1.-^  ai  — 

the   tfiu-ii/ig-  depth  is  2.-^  ai.  =  .09532;  the  depth  below 


PARTS  OF  "fESTO; 
Table  ot  Tooth  Parts  7 


7.3304 

7.8540   . 

8.3776 

8,6394 

9.4348 

0-0531 
10.4719 

0.9956 

2-5664 
14.1372 
15-708° 
16-755" 
17.2788 
18.8496 


4 .3728 

i  -3546 
1 .2387 
i  .3316 


-0995  -I 

-0955  -J 
.0909.1 
.0796.1 
.0707  .1 
.0637.1 
.0597  .1 
.0579.1 
.0531 .1 

■0455  -= 
.0425  .0 
■039S 
■0354 
.  ,0318 
.0199 


.1637 
1611 
1578 


■073J 
:o67o 


■0517 
.0477 
■0443 


,0763 
.0687 
.0429 


.0628 

^0558 
■051s 
.0479 

.0419 
.0372 
.0335 


To  obtain  Ihe  size  of  any  part  of  a  circular  pitch  not  given  in  the 
table,  miiUiply  the  corresponding  part  of  i*  pitch  by  tiie  pitch  re- 

I«tch  line  in  1-1571  -^  ai  =  .0551  and  the  whole  depth  is  3.1571  -^ 
31  —  .1027  inches.    These  could  also  have  been  obtained  b'^  •,'^v.- 
ting  the  cifference  between  the  figures  foi  10  and  as  ^'*'^^-    "^^^^1 
■ame  can  be  done  for  circular  pitch  except  Aa.1  -we  mMViiv^-j  vc^iui^*- 
of  divide. 
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.pUpKAM  FOR  CAST-GEAR  TEETH 

Th^  ikcrprapanTing  diagnun  (Fig.  i)  for  laying  out  leeCh  for  cast 

gcartwS|j''be 'found  i^ul  bytbc  machinist,  paMcmmaker  and  draits- 

•    mas.*'.  The  diagram  for  ciicular  pitch  geais  is  similar  lo  the  one 

'■^ven'by  Professor  Willis,  while  the  one  for  diametral  pitch  was 

pbt^ned  by  using  the  relation  of  diametnU  lo  circular  pitch. 


y  the  diagram  the  relative  size  of  a  tooth  may  be  easily  deter- 
ed.  For  example,  if  we  contemplate  using  a  gear  of  2  diametral 
A,  by  referring  to  line  H  K,  which  shows  the  comparative  distance 
■feen  centers  of  Ictlh,  on  the  pitch  \ine.  il  will  be  observed  that 
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2  diametral  pitch  is  but  little  greater  than  ij  inches  circular  pitch, 
or  exactly  1.57  inches  circular  pitch.  This  result  is  obtained  by 
dividing  3. 141 6  by  the  diametral  pitch  (3. 14 16  divided  by  2  equals 
1.57).  In  similar  manner,  if  the  circular  pitch  is  known,  the  diame- 
tral pitch  which  corresponds  to  it  is  found  by  dividing  3. 141 6  by  the 
circular  pitch;  for  example,  the  diametral  pitch  which  corresponds 
to  3  inches  circular  pitch  is  by  the  line  H  K  a,  little  greater  than  i 
diametral  pitch,  or  exactly  1.047  (3.1416  divided  by  3  equals  1.047). 

The  proportions  of  a  tooth  may  be  determined  for  either  diametral 
or  circular  pitch  by  using  the  corresponding  diagram. 

Continue,  for  illustration,  the  2  diametral  pitch.  We  have  found, 
above,  the  distance  between  centers  of  teeth  on  the  pitch  line  to  be 
a  little* more  than  ij  inches  (1.57  inches).  The  hight  of  tooth  above 
pitch  line  5'  C  will  be  found  on  the  horizontal  line  corresponding 
to  2  pitch.  The  distance  between  the  lines  A'  5'  and  A^  C  on  this 
line  may  be  taken  in  the  dividers  and  transferred  to  the  scale  below. 
Thus  we  find  the  hight  of  the  tooth  to  be  -J^l  inch.  In  the  same 
manner  the  thickness  of  tooth  5'  D\  width  of  space  5'  £',  working 
depth  5'  F^  and  whole  depth  of  tooth  5'  C  may  be  determined. 

The  backlash  or  space  oetween  the  idle  surfaces  of  the  teeth  of 
two  gear  wheels  when  in  mesh  is  given  by  the  distance  Z>'  E\  The 
clearance  or  distance  between  the  point  of  one  tooth  and  the  bottom 
of  space  into  which  it  meshes  is  given  by  the  distance  F'  G\  The 
backlfish  and  clearance  will  vary  according  to  the  class  of  work  for 
which  the  gears  are  to  be  used  and  the  accuracy  of  the  molded  pro- 
duct. For  machine  molded  gears  which  are  to  run  in  enclosed  cases, 
or  where  they  may  be  kept  well  oiled  and  free  from  dirt,  the  backlash 
and  clearance  may  be  reduced  to  a  very  small  amount,  while  for 
gears  running  where  dirt  is  likely  to  get  into  the  teeth,  or  where 
irregularities  due  to  molding,  uneven  shrinkage,  and  like  causes,  enter 
into  the  construction,  there  must  be  a  greater  allowance.  The 
diagram  is  laid  out  for  the  latter  case.  Those  who  have  more  favor- 
able conditions  for  which  to  design  gears  should  vary  the  diagram 
to  suit  their  conditions.  This  can  be  done  by  increasing  B  D  and 
decreasing  B  Ej  and  by  increasing  B  C  or  decreasing  B  G,  or  both, 
to  get  the  clearance  that  will  best  meet  the  required  conditions.  The 
same  kind  of  diagram  could  be  laid  out  for  cut  gears,  but  as  tables 
are  usually  at  hand  which  give  the  dimensions  of  the  parts  of  such 
gears,  figured  to  thousandths  of  an  inch,  it  would  be  as  well  to  consult 
one  of  these. 
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Decide  upon  the  size  wanted,  remembering  that  12-pitch  teeth 
are  ^  deep  and  8-pitch  —  as  in  the  drawing  —  J  deep,  etc.  Should 
it  be  8  pitch,  as  shown  in  the  cut,  draw  a  circle  measuring  as  many 
eighths  of  an  inch  in  diameter  as  there  are  to  be  teeth  in  the  gear. 
This  circle  is  called  the  Pitch  Line.  Then  with  a  radius  f  of  an  inch 
larger,  draw  another  circle  from  the  same  center,  which  will  give 
the  outside  diameter  of  the  gear,  or  |  larger  than  the  p\lcVv  oXxOvs.. 
Thus  we  have  for  the  diameter  of  an  8-pitc\\  geax  ol  7.\  XaeXVi,  ^  • 
Should  there  be  16  teeth,  as  in  the  small  spur  gieat  Vxv  \.\\t  cw\^  ^N^ft- 
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outside  diameter  would  be  V*  ^^^  number  of  teeth  being  always 
two  less  than  there  are  eighths  —  when  Uis  S  pitch  —  in  the  outside 
diameter. 

The  distance  from  the  pitch  line  to  the  bottom  of  the  teeth  is  the 
same  as  to  the  top,  excepting  the  clearance,  which  varies  from  |  of 
the  pitch  to  ^j^  of  the  thickness  of  the  tooth  at  the  pitch  line.  This 
latter  is  used  by  Brown  &  Sharpe  and  many  others,  but  the  clearance 
being  provided  for  in  the  cutters  the  two  gears  would  be  laid  out  to 
mesh  together  just  f . 

These  rules  apply  to  all  pitches,  so  that  the  outside  diameter  of 
a  5-pitch  gear  with  24  teeth  would  be  •^;  if  a  3-pitch  gear  with  40 
teeth  it  would  be  -^ .  Again,  if  a  blank  be  4|  (^)  in  diameter,  and 
cut  6  pitch,  it  should  contain  23  teeth. 


Fig.  4.  —  Laying  out  a  Pair  of  Gears 


Actual  Size  of  Diametral  Pitches 

It  is  not  always  easy  to  judge  or  imagine  just  how  large  a  given 
pitch  is  when  measured  by  the  diametral  system.  To  make  it  easy 
to  see  just  what  any  pitch  looks  like  the  actual  sizes  of  twelve  di- 
ametral pitches  are  given  on  the  following  page,  ranging  from  20 
to  4  teeth  per  inch  of  diameter  on  the  pitch  line,  so  that  a  good  idea 
of  the  size  of  any  of  these  teeth  can  be  had  at  a  glance. 
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f^J^J^       {Y^ 


20  P. 


18  P. 


16  P. 


^A/m,    /W}]  /^^^^ 


14  P, 


12  P. 


10  P. 


9  P. 


8  P. 


7  P 


6P 


5  P. 


4  P. 
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LAYING  OUT  SINGLE  CURVE  TOOTH 

A  VERY  simple  method  of  laying  out  a  standard  tooth  is  shown 
in  Fig.  5,  and  is  known  as  the  single  curve  method.  Having  calcu- 
lated the  various  proportions  of  the  tooth  by  rules  already  given, 
draw  the  pitch,  outside,  working  depth  and  clearance  or  whole  depth 
circles  as  shown.  With  a  radius  one  half  the  pitch  radius  draw  the 
semicircle  from  the  center  to  the  pitch  circle.  Take  one  quarter 
the  pitch  radius  and  with  one  leg  at  top  of  pitch  circle  strike  arc 
cutting  the  semicircle.  This  is  the  center  for  the  first  tooth  curve 
and  locates  the  base  circle  for  all  the  tooth  arcs.  Lay  ofiF  the  tooth 
thickness  and  space  distances  around  the  pitch  circle  and  draw  the 
tooth  curves  through  these  points  with  the  tooth  curve  radius  already 
found.  The  fillets  in  the  tooth  comers  may  be  taken  as  one  seventh 
of  the  space  between  the  tops  of  the  teeth. 

Voofli  Onrr*  HiaU' 
quarttt  of  Ptteb  Radldl 


.Fltflh  UuMtor 

wAddndum  or  OttUld*  I>iftiiMtar 


Fig.  5.  —  Single  Curve  Tooth 


PRESSURE  ANGLES 


We  next  come  to  pressure  angles  of  gear  teeth,  which  means  the 
amgle  at  which  one  tooth  presses  against  the  other  and  can  best  be 
shown  by  the  pinion  and  rack,  Figs.  6  and  7. 

The  standard  tooth  has  a  14!  degree  pressure  angle,  probably 
because  it  was  so  easy  for  the  millwright  to  lay  it  out  as  he  could 
obtain  the  angle  without  a  protractor  by  using  the  method  shown 
for  laying  out  a  thread  tool  (see  Fig.  14).  As  the  sides  of  an  involute 
rack  tooth  are  straight,  and  at  the  pressure  angle  from  the  perj>en- 
dicular,  draw  the  line  of  pressure  at  14!  degrees  from  the  pitch  line. 
The  base  circle  of  the  tooth  arcs  can  be  found  by  drawing  a  line 
from  the  center  of  the  gear  to  the  line  of  pressure  and  at  right  angles 
to  It  as  shown,  or  by  the  first  method,  and  working  from  this  the  tooth 
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curve  can  be  drawn  by  either  the  single-curve  method  or,  as  is  more 
usual,  by  stopping  the  curve  from  two  or  more  points  on  this  same 
circle. 

The  difiFerence  between  the  i4i-  and  20-degree  pressure  angles 
can  be  seen  by  comparing  Figs.  6  and  7.  Not  only  is  the  tooth 
shorter,  but  the  base  is  broader.  The  base  circle  for  the  tooth  arcs 
is  found  in  the  same  way  as  before. 

This  form  of  tooth  is  largely  used  in  automobile  transmission  and 
similar  work.  William  Sellers  &  Co.  use  a  20  degree  pressure 
angle  with  a  tooth  of  standard  length. 


Fig.  6.  —  Standard  Tooth 


STUB-TOOTH   GEARS 

Any  tooth  shorter  than  the  regular  standard  length  is  called  a 
"stub"  tooth,  but  like  the  bastard  thread  there  have  been  many 
kinds.  In  1899  the  Fellows  Gear  Shaper  Company  introduced  a 
short  tooth  with  a  20-degree  pressure  angle  instead  of  the  usual  14J- 
degree.  This  gives  a  broader  flank  to  the  tooth  and  makes  a  stronger 
gear,  especially  for  small  pinions  where  strength  is  needed.  While 
the  Fellows  tooth  is  shorter  than  the  standard  tooth  there  is  no  fixed 
relation  between  them,  as,  on  account  of  the  tooth  depth  graduations 
of  the  gear  shaper,  it  was  thought  best  to  give  the  new  tooth  depth 
in  the  same  scale  which  is  shown  in  the  following  table.  This  means 
that  if  the  pitch  is  4  it  has  the  depth  of  a  5-pitch  standard  tooth 
divided  as  shown.  The  clearance  is  one-quarter  the  addendum  or 
dedendum. 
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Table  of  Tooth  Dimensions  of  the  Fellows  Stub-Tooth  Gear 


t 

tten 

Stub 
Tooth 

Has  Depth 
of  Standard 

Thirkn«>ss 
on 

Addendum 

Dedendum  and 
Clearance 

1 

Pitch 

Tooth 

Pitch  Line 

1 

4 

5 

•3925 

.200 

.250 

* 

5 

7 

.314 

.1429 

.1785 

j 

6 

8 

.2617 

.125 

.1562 

7 

9 

.2243 

.III 

.1389 

A 

8 

lO 

.1962 

.ICX> 

.125 

A 

9 

II 

.1744 

.0909 

."37 

■i 

lO 

12 

.157 

.0833 

.1042 

k 

12 

14 

.1308 

.0714 

.0893 

Fig.  7.  -—  Stubbed  Tooth 

^- 

The  Nuttall  Company  also  use  a  20-degree  stub  tooth,  but  have  a 
fixed  length  or  depth  in  the  following  proportions. 


Addendum 
Dedendum 
Working  depth 
Clearance 
Whole  depth 


.25  X  circular  pitch  instead  of  .3683. 
.30  X  circular  pitch  instead  of  .3683. 
.50  X  circular  pitch  instead  of  .6366. 
.05  X  circular  pitch  same  as  standard, 
.55  X  circular  pitch  instead  of  .6866. 
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Tabi£  toi  Turning  and  CumNc  Geax  Blanks 
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Table  k)r  Tukning  and  CirmNG  Geak  Blanks 

FOB  STANDARD  LENOTH  TOOTH 
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GEAR  CUTTERS  AND  CUTTING 


"S 


B.  &  S.  INVOLUTE  GEAR  TOOTH  CUTTERS 


No.  I 
No.  i§ 
No.  2 
No.  2i 
No.  3 

No.3i 
No.  4 

No.  4i 
No.  5 

No.  si 
No.  6 
No.  6§ 
No.  7 
No.  7i 
No.  8 


will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 
will  cut 


wheels  from 
wheels  from 
wheels  from 
wheels  from 
wheels  from 
wheels  from 
wheeb  from 
wheeb  from 
wheeb  from 
wheeb  from 
wheeb  from 
wheeb  from 
wheeb  from 
wheeb  from 
wheeb  from 


I3S  teeth 
8o  teeth 
SS  teeth 
42  teeth 
3S  teeth 
30  teeth 
26  teeth 
23  teeth 
21  teeth 
19  teeth 
17  teeth 
15  teeth 
14  teeth 
13  teeth 
Z2  teeth 


to  a  rack, 
to  134  teeth, 
to  134  teeth, 
to  54  teeth, 
to  54  teeth, 
to  34  teeth, 
to  34  teeth, 
to  2S  teeth, 
to  2S  teeth, 
to  20  teeth, 
to  20  teeth, 
to  16  teeth, 
to  x6  teeth, 
to  14  teeth. 
to    13  teeth. 


The  eight  cut.ters  represented  by  the  whole  numbers  constitute  the 
regular  set  of  cutters  generally  used  for  each  pitch  of  tooth.  The 
half  numbers  increase  the  set  to  15  and  gives  teeth  which  are  theoret- 
ically more  correct.  In  some  work  special  cutters  are  used  for  each 
gear  but  the  15  cutters  in  a  set  offer  all  that  most  cases  require. 

Table  Showing  Depth  of  Space  and  Thickness  of  Tooth 
IN  Spur  Wheels,  when  cut  with  these  Cutters 


Pitch 

Depth  to  be 

Thickness  of 

Pitch 

Depth  to  be 

Thickness  of 

of 

cut  in  Gear 

Tooth  at  Pitch 

of 

cut  in  Gear 

Tooth  at  Pitch 

Cutter 

Inches 

Line.    Inches 

Cutter 

Inches 

Line.    Inches 

ij 

1.726 

I.2S7 

II 

.196 

.143 

I 

1.438 

1.047 

12 

.180 

.131 

z 

I  233 

.808 

14 

•1S4 

.112 

2 

1.078 

.78s 

16 

.13s 

.098 

2 

.958 

.697 

18 

.120 

.087 

a 

.863 

.628 

20 

.108 

.079 

2 

.784 

.S70 

22 

.098 

.071 

3 

.719 

.S23 

24 

.090 

.o6s 

3i 

.616 

.448 

26 

.083 

.060 

4 

539 

.393 

28 

.077 

.056 

^5 

•431 

.314 

30 

.072 

.052 

6 

•3S9 

.262 

32 

.067 

.049 

7 

.308 

.224 

36 

.060 

.044 

8 

.270 

.196 

40 

.OS4 

.039 

9 

.240 

.I7S 

48 

•04s 

.033 

10 

.216 

.IS7 

BLOCK  INDEXING  IN  CUTTING  GEAR  TEETH 

Block  or  intermittent  indexing  is  a  method  to  increase  the  output 
of  gear  cutters  by  allowing  the  feed  and  cutting  speed  to  be  increased 
wifliout  unduly  heating  the  work.  This  is  done  by  jumping  from 
the  tooth  just  cut  to  a  tooth  far  enough  away  to  escape  the  local 
heating  and  on  the  following  rounds  to  cut  the  intermediate  teeth. 
While  the  indexing  takes  a  trifle  more  time,  the  heat  is  distributed  so 
that  faster  cutting  can  be  done  without  heating  and  dulling  the  cutter. 

The  following  table  gives  the  indexing  of  gears  from  25  to  200 
teeth  and  is  worked  out  for  the  Brown  &  Sharpe  gear  cutter  but  caxv 
be  modified  to  suit  other  machines. 
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DIMENSIONS  OF  GEARS  BY  METRIC  PITCH    H? 


THB  DIUBNSIONS  OF  OSARS  BY  METRIC  PITCH 

Module  ii  the  pitch  diameter  in  mm*  divided  by  the  number  of 
teeth  in  the  gear. 

Pitch  diameter  in  mm.  is  the  Module  multiplied  by  the  number 
of  teeth  in  the  gear. 

M  =  Module. 

D*  -»  The  pitch  diameter  of  gear. 

D   =  The  whole  diameter  of  gear. 

N  =  The  number  of  teeth  in  gear. 

D"  =  The  working  depth  of  teeth. 

/      »  Thickness  of  teeth  on  pitch  line. 

/    —  Amount  added  to  depth  for  clearance; 
Then 

if  «»  rr  or  it-; — , 
N       iV  +  a 

N  M, 

(N  +  2)  M. 

D'      D 


D' 
D 

N 


m'^'m''' 


D^  -  2  JIf . 

/     «  M  1.5708. 

f    _  ^  1.5708 


Fig.  8 


10 


.157  Af. 


The  Module  is  equal  to  the  part  marked  "S"  in  cut,  measured 
n  mm.  and  parts  of  mm. 
Example:  Module  =»  3.50  mm.   100  teeth. 
Pitch  diameter    =  3.5  X  100  =  350  nun. 
Whole  diameter  =»  (100  +  2)  X  3.5  "=  357  mm. 

Pitches  Commonly  Used  —  Module  in  Millimeters 


Module 

Corresponding 

English 
Diametral  Pitch 

Module 

G>rrespoQding 

English 
Diametral  Pitch 

(      mm. 

i 

50.800 
33.867 

4.5  mm. 

5 

5.644 
5.080 

« 

I 

25.400 

5.5 

4.618 

1.25 
1.5 

20.320 
16.933 

6 

7 

4.233 
3.628 

1.75 

2 

I4-5H 
12.700 

8 
9 

3.175 
2.822 

i.25 

11.288 

10 

2.540 

2.5 

10.160 

II 

2.309 

2.75 
3 

9.236 
8.466 

12 
14 

2.I17 
I.814 

3.5 

7.257 

16 

1.587 

4 

6.350 

\ 

ii8 
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SPROCKET  WHEELS  FOR  BLOCK  CENTER  CHAINS 

i8o*>. 


N  «=  No.  of  Teeth. 


£« 


N 


C  ■»  Diameter  of   Round    Part   of 
Chain  Block.  TanP  = 
Sin.  £ 

B 

-r  +Cos.E 
A 

B  —  Center  to  Center  of  holes  in  Chain 

Block. 

A  =  Center  to  Center  of  holes  in  side 

links.    Pitch  Diam.  =»  zr. — r-. 

Sm.  £> 

Outside  Diam.  =  Pitch  Diam.  +  C. 

Bottom  Diam.   =  Pitch  Diam.  —  C. 

In    calculating    the    diameter    of 

Sprocket  Wheels  the  Bottom  Diameter  is  the  most  important. 


Fig.  9 


Diameter  of  Sprocket  Wheels  —  for  block  chains  i"  pitch 

A  =  .6^    B  =  .4^    C  =  .325^ 


No.  of  Teeth 

Pitch  Diametfer 
Inches 

Outside  Diameter 
Inches 

Bottom  Diameter 
Inches 

6 

1.935 

2.260 

I.610 

7 

2.250 

2.575 

1.925 

8 

3.566 

2.891 

2.241 

9 

2.883 

3.207 

2.557 

10 

3.198 

3.523 

2.873 

II 

3.515 

3.840 

3.190 

12 

3.832 

4.157 

3.507 

13 

4.149 

4.474 

3.824 

14 

4.466 

4.791 

4.141 

IS 

4.784 

5.109 

4-459 

16 

5.102 

5-427 

4.777 

17 

5.420 

5.745 

5.095 

18 

5-738 

6.063 

5-413 

19 

6.056 

6.381 

5-731 

20 

6.374 

6.699 

6.049 

21 

6.692 

7.017 

6.367 

32 

7.010 

7.335 

6.685 

23 

7.328 

7.653 

7.003 

24 

7.646 

7.971 

7.321 

25 

7.964 

8.289 

7.639 

36 

8.282 

8.607 

7-957 

7 

8.600 

8.925 

8.275 

fi 

8.918 

9-243 

8.593 

9 

9237 

9.562 

8.912 

jO 

9.556 

9.881 

9.231 

DIAMETERS  OF  SPROCKET  WHEELS 
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Calculating  Diameters  of 
Sprocket  Wheels  for  Roller  Chains 

/V^  —  Number  of  Teeth  in  Sprocket 
P  -  Pitch  of  Chain 
D  «  Diameter  of  Roller 

^        N 

p 
Pitch  Diameter  —  ;;; — rr 
Sm.  \  A 

Outside  Diameter  —  Pitch  Diameter  +  D 

Bottom  Diameter  —  Pitch  Diameter  —  D 

Fig.  10 


Diameter  of  Sprocket  Wheels  for  Roller  Chains  i''  pitch  where 
D  =  .45. 

Diameter  of  Sprocket  Wheels  for  Roller  Chains  of  i'^  Pitch 

WHEN  D  =  ^5^^ 


No.  of  Teeth 

Pitch  Diameter 
in  Inches 

Outside  Diameter 
in  Inches 

Bottom  Diameter 
in  Inches 

• 

6 

2. 

2.45 

1-55 

7 

2.305 

2.755 

1.855 

8 

2.613 

3-063 

2.163 

9 

2.923 

3-373 

2.473 

ID 

3-236 

3.686 

2.786 

II 

3-549 

3-999 

3099 

12 

3-863 

4-313 

3-413 

13 

4.179 

4.629 

3-729 

14 

4.494 

4-944 

4.044 

15 

4.809 

5-259 

4-359 

16 

5-125 

5-575 

4-675 

17 

5-442 

5.892 

4.992 

18 

5-758 

6.208 

5.308 

19 

6.122 

6.572 

5.672 

20 

6.392 

6.842 

5.942 

21 

6.747 

7.197 

6.297 

22 

7.025 

7-475 

6.575 

23 

7-344 

7-794 

6.894 

24 

7.661 

8.111 

7. 211 

25 

7-979 

8.429 

7.529 

26 

8.296 

8.746 

7.846 

27 

8.614 

9.064 

8.164 

28 

8.932 

9.382 

8.482 

29 

9.249 

9.699 

8.799 

30             1 

9566 

10.016 

I           ^.\\6 

ISO  GEARING 

A  TABLE  FOR  DDCEHSIOHS  FOR  MTTEK  GEARS 

_  The  accompanying  table  is  o(  sen-ice  in  detenniuing  tbe  prin- 
cipal dimensjons  o(  miter  gears  (center  angk  45  d^rees),  (he  num- 
ber tA  teeth  and  the  pitch  being  known.  Tbe  uUe  atveis  moEt  of 
tbe  possible  number  of  teeth  frinn  11  lo  60,  inclusi\-e,  aod  pitches 
fr<im  2  In  10,  indusi\-e,  (Knitting  9.  Values  for  face  and  cut  m^a 
inrrapond  with  deugnationa  in  Fig.  1 
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BEVEL   GEARS 


Fig.  II.  —  Bevel  Gear  Parts 

BEVEL  GEARS 

Bevel  Gears  are  used  to  transmit  power  when  shafts  are  not  par- 
allel. They  can  be  made  for  any  angle,  but  are  mare  often  at  right 
angles  than  any  other.  Right  angle  bevel  gears  are  often  calledmiter 
gears.  The  teeth  are  or  should  be  radial  so  that  they  are  longer  at  the 
outer  end.  The  names  of  parts  are  shown  in  Fig.  ii.  These  should 
be  noted  carefully,  particularly  the  face  angles.  The  earlier  editions 
measured/oce  angle  at  right  angles  to  the  axis,  but  this  is  now  changed 
as  shown. 

LAYING   OUT   BEVEL   GEAR  BLANKS 

Iv  laying  out  bevel  gears,  first  decide  upon  the  pitch,  and  draw 
the  center  Lines  B  B  and  C  C,  intersecting  at  right  angles  at  X  as  shown 
in  Fig.  12.    Then  draw  the  lines  D  D  to  £  £  the  same  distance  each 


Laying  out  BevsA  Oea.ta 
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side  o{  B  B  and  parallel  to  it;  the  distance  from  D  D  to  E  E  being 
as  many  eighths  of  an  inch  —  if  it  be  8  pitch  —  as  there  are  to  be 
teeth  in  the  gear.  In  the  example  the  number  of  teeth  is  24;  there- 
fore the  distance  from  D  D  to  E  E  will  be^,  or  ij  inches  each  side 
oi  B  B.  K  K  and  L  L  are  similarly  drawn,  but  there  being  only 
i6  teeth  in  the  small  gear,  the  distance  from  K  K  to  L  L  will  be  ^, 
or  I  inch  each  side  of  C  C-  Then  through  the  intersections  oi  D  D 
and  L  L,  E  E  and  L  L,  and  E  E  and  K  K,  draw  the  diagonals  F  A . 
These  are  the  pitch  lines.  Through  the  same  point  draw  lines  as 
G  G  at  right  angles  to  the  pitch  lines,  forming  the  backs  of  the  teeth. 
On  these  lines  lay  off  \  of  an  inch  each  side  of  the  pitch  lines,  and 
draw  M  A  and  N  A^  forming  the  faces  and  bottoms  of  the  teeth. 
The  lines  H  H  are  drawn  parallel  to  G  G,  the  distance  between  them 
being  the  width  of  the  face. 

The  face  of  the  larger  gear  should  be  turned  to  the  lines  M  A^  and 
the  small  gear  to  N  A.  For  other  pitches  the  same  rules  apply. '  If 
4  pitch,  use  4ths  instead  of  8ths;  if  3  pitch,  3ds,  and  so  on. 

Bevel  gears  should  always  be  turned  to  the  exact  diameters  and 
angles  of  the  drawings  and  the  teeth  cut  at  the  correct  angle. 


NG-No.  of  Teeth  in  Gear 
NP-^No.  of  Teeth  in  Pinion 
CGb  Center  Angle  of  Gear 
CP-  Center  Angle  of  Pinion 


Fig.  13.  ^-  Finding  the  Cutter  to  Use 


Proportions  of  Miter  and  Bevel  Gears 

To  Find  the  Pitch  or  Center  Angle: 

'  'vide  the  nimiber  of  teeth  in  the  gear  by  the  number  of  teeth  in 
nion.  This  gives  the  tangent  of  the  pitch  angle  of  the  gear, 
ide  the  number  of  teeth  in  the  pinion  by  the  teeth  in  the  gear 
2t  the  tangent  of  the  pitch  angle  of  the  pinion.  Subtracting 
pitch  angle  from  90  gives  the  pitch  angle  of  the  other. 


CUTTERS  FOR  BEVEL  GEARS        123 

To  Find  the  Outside  Diameter: 

Multiply  the  cosine  of  the  pitch  angle  by  twice  the  addendum 
and  add  the  pitch  diameter. 

To  Find  the  Outside  Cone  Radius  or  Apex  Distance: 

Multiply  the  secant  of  the  pitch  angle  of  the  pinion  by  }  the  pitch 
diameter  of  the  gear. 

To  Find  the  Face  and  Cutting  Angles: 

Divide  the  addendmn  by  the  outside  cone  radius  or  apex  distance. 
This  gives  the  tangent  of  the  addendum  or  outside  angle.  Subtract 
this  angle  from  the  pitch  angle  of  the  pinion  to  obtain  the  cutting 
angle  of  the  pinion,  and  the  face  angle  of  the  gear.  Subtract  the 
same  addendum  angle  from  the  center  angle  of  the  gear  to  obtain 
the  cutting  angle  of  the  gear  and  the  face  angle  of  the  pinion.  This 
gives  a  uniform  clearance  and  is  especially  for  use  with  rotary  cutters. 

To  Find  Hight  of  Addendum  at  Small  End  of  Tooth: 

Divide  the  addendum  at  the  large  end  of  the  tooth  by  the  outside 
cone  radius.  This  gives  the  decrease  in  hight  of  the  addendum  for 
each  inch  of  gear  face.  Multiply  this  by  the  length  of  the  gear  face 
and  subtract  the  result  from  the  addendum  of  the  large  end  of  the 
tooth.  The  difference  is  the  hight  of  the  addendum  at  the  small 
end  of  the  tooth. 


CUTTERS  FOR  BEVEL  GEARS 

Lay  out  the  bevel  gears  and  draw  lines  A  and  B  at  right  angles 
to  the  center  angle  line.  Extend  this  to  the  center  lines  and  meas- 
ure A  and  B.  The.  distance  A  —  the  radius  of  a  spur  gear  of  the 
same  pitch,  and  finding  the  number  of  teeth  in  such  a  gear  we  have 
the  right  cutter  for  the  bevel  gear  in  question.  Calling  the  gears 
8  pitch  and  the  distance  A  =4  inches.  Then  2  X  4  X  8  =  64 
teeth,  so  that  a  No.  2  cutter  is  the  one  to  use.  For  the  pinion,  if  B 
is  2  inches,  then  2X2X8  =  32  or  a  No.  4  cutter  is  the  one  to 
use. 
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USING  THE  BEVEL  GEAR  TABLE 

Take  a  pair  of  bevel  gears  24  and  72  teeth,  8  diametral  pitch. 
Divide  the  pinion  by  the  gear  —  24  -;-  72  =  .3333.  This  is  the  tan- 
gent of  the  center  angle  of  pinion.  Look  in  the  seven  columns  under 
center  angles  for  the  nearest  number  to  this.  The  nearest  is  .3346 
in  the  center  column,  as  all  these  are  decimals  to  four  places.  Fol- 
low this  out  to  the  left  and  find  18  in  the  center  angle  column.  As 
the  .3346  is  in  the  column  marked  .50  the  center  angle  of  the  pinion 
is  18.50  degrees.  Looking  to  the  right  under  center  angles  for  gears 
find  71  and  add  the  .50  making  the  gear  angle  71.50  degrees.    Thus: 

Center  angle  of  pinion  18.5  degrees. 
Center  angle  of  gear  71.5  degrees. 

In  the  first  column  opposite  18  is  36.  Divide  this  by  the  number 
of  teeth  in  the  pinion,  24,  and  get  1.5  degrees.  This  is  the  angle 
increase  for  this  pair  of  gears,  and  is  the  amount  to  be  added  to  the 
center  angle  to  get  the  face  angle  and  to  be  deducted  to  get  the  cut 
angles.    This  gives 

Pinion  center  angle  18.5  -|-  1.5  =  20  degrees  face  angle. 

Pinion  center  angle  18.5  —  1.5  =  17  degrees  cut  angle. 

Gear  center  angle  71.5  -f-  1.5  =  73  degrees  face  angle. 

Gear  center  angle  71.5  —  1.5  =  70  degrees  cut  angle. 

For  the  outside  diameter  go  to  the  column  of  diameter  increase 
and  in  line  with  18  find  1.90.  Divide  this  by  the  pitch,  8,  and  get 
.237,  which  is  the  diameter  increase  for  the  pinion.  Follow  the 
same  line  to  the  right  and  find  .65  for  the  gear  increase.  Divide  this 
by  the  pitch,  .8,  and  get  .081  for  gear  increase.    This  gives 

Pinion,  24  teeth,  8  pitch  =  3  inches  +  .237  =  3.237  in.  outside  dia. 

Gear,  72  teeth,  8  pitch  =  9  inches  -|-  .081  =  9.081  in.  outside  dia. 

To  Select  the  Cutter 

Another  way  of  selecting  the  cutter  is  to  divide  the  number  of 

teeth  in  the  gear  by  the  cosine  of  the  center  angle  C  and  the  answer 

is  the  number  of  teeth  in  a  spur  gear  from  which  to  select  the  cutter. 

For  the  pinion  the  process  is  the  same  except  the  number  of  teeth 

in  the  pinion  is  divided  by  the  sine  of  the  center  angle.     Formula 

NG  NP 

Tangent  oiCG  =  ^-  Tangent  of  CP  =  -^  . 

NG 

Number  of  teeth  to  use  in  selecting  cutter  for  gear  =  p; — 77^ . 

Cos  CG 

NP 

Number  of  teeth  to  use  in  selecting  cutter  for  pinion  =  — — -^^ . 

Any  pair  of  gears  can  be  figured  out  in  the  same  way,  bearing  in 
mind  that  when  finding  the  center  angle  for  the  gear,  to  read  the  parts 
of  a  degree  from  the  decimals  at  the  bottom,  and  that  for  the  pinion 
they  are  at  the  top.  In  the  example  worked  out  the  tangent  came 
in  the  center  column  so  that  it  made  no  difference.  If,  however, 
the  tangent  had  been  .3476  we  read  the  pinion  angle  at  the  top,  19.17 
degrees  and  the  gear  angle  at  the  bottom,  70.83.  By  noting  that 
^e  sum  of  the  two  angles  is  90  degrees,  we  can  be  sure  we  are  right. 
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SPIRAL  GEARS 

The  tenn  spiral  gear  is  usually  applied  to  gears  having  angular 
teeth  and  which  do  not  have  their  shafts  or  axis  in  parallel  lines, 
and  usually  at  right  angles.  Spiral  gears  take  the  place  of  bevel 
gears  and  give  a  smoother  action  as  well  as  allowing  greater  speed 
ratios  in  a  given  space.  When  gears  with  angular  or  skew  teeth 
run  on  parallel  shafts  they  are  usually  called  helical  gears. 

The  Calculation  of  Forty-Five  Degree  Spiral  Gears 


No.  of 

Thick- 

Pitch 

Pitch  of 

Teeth 

ness  of 

Circular 

Pitch 
(Normal) 

of 

Pitch 

Spiral  in 

in  Spur 

Outside 

Tooth  at 

Depth  of 

Clear- 

Cut- 

Diam. 

Inches  to 

Same 

Diam. 

Pitch 

Tooth 

ance 

ter 

One  Turn 

Curva- 

Line 

ture 

(Normal) 

. 

Multipl 

yr  by  Num 

>er  of 

Add  to 

Teeth 

in  Spiral  ( 

5ear 

P.D. 

3 

0.70710 

2.22142 

2.828 

I.OOOO 

0.7854 

1.0785 

0.0785 

1.5708 

2i 

0.62855 

1.97464 

2.828 

0.8888 

0.6981 

0.9587 

0.6699 

1-3963 

2 

0.56566 

1.77707 

2.828 

0.8000 

0.6283 

0.8628 

0.0628 

1.2566 

2f 

0.51425 

1.61556 

2.828 

0.7273 

0.5712 

0.7844 

0.0572 

1.1424 

3 

0.47140 

1.48094 

2.828 

0.6666 

0.5236 

0.7190 

0.0524 

1.0472 

3* 

0.40406 

1.26939 

2.828 

0.5714 

0.4488 

0.6163 

0.0449 

0.8976 

4 

0.35355 

1.11071 

2.828 

0.5000 

0.3927 

0.5393 

0.0393 

0.7854 

5 

0.28283 

0.88853 

2.828 

0.4000 

0.3142 

0.4314 

0.0314 

0.6283 

6 

0.23570 

0.74047 

2.828 

0.3333 

0.2618 

0.3S9S 

0.0262 

0.5236 

7 

0.20203 

0.63469 

2.828  ^ 

0.2857 

0.2244 

0.3081 

0.0224 

0./1488 

8 

0.17677 

O.SSS34 

2.828 

0.2500 

0.1963 

0.2696 

0.0196 

0.3927 

9 

0.15714 

0.49367 

2.828 

0.2222 

0.1745 

0.2397 

0.017s 

0.3491 

lO 

0.14143 

0.44431 

2.828 

0.2000 

0.1571 

0.2IS7 

0.0157 

0.3142 

II 

0.12856 

0.40388 

2.828 

O.I8I8 

0.1428 

0.1961 

0.0143 

0.2856 

12 

0.11785 

0.37024 

2.828 

0.1666 

0.1309 

0.1798 

0.013 1 

0.2618 

14 

O.IOIOI 

0.31733 

2.828 

0.1429 

0.1122 

0.1541 

0.0112 

0.2244 

i6 

0.08836 

0.27759 

2.828 

0.1250 

0.0982 

0.1348 

0.0098 

0.1963 

i8 

0.07855 

0.24677 

2.828 

O.IIII 

0.0873 

0.1198 

0.0088 

0.1745 

20 

0.07071 

0.22214 

2.828 

O.IOOO 

0.0785 

0.1079 

0.0079 

0.1571 

22 

0.06428 

0.20194 

2.828 

0.0909 

0.0714 

0.0980 

0.0071 

0.1428 

24 

0.05892 

0.18510 

2.828 

0.0833 

0.0654 

0.0898 

0.0065 

0.1309 

26 

O.OS437 

0.17081 

2.828 

0.0769 

0.0604 

0.0829 

0.0060 

0.1208 

28 

0.05050 

0.15865 

2.828 

0.0714 

0.0561 

0.0770 

0.0056 

O.II23 

30 

0.04713 

0.14806 

2.828 

0.0666 

0.0524 

0.0719 

0.0053 

0.1047 

32 

0.04425 

0.13901 

2.828 

0.0625 

0.0491 

0.0674 

0.0050 

0.0982 

36 

0.03929 

0.12343 

2.828 

0.0555 

0.0436 

0.0599 

0.0043 

0.078s 

40 

0.03533 

0.1 1099 

2.828 

0.0500 

0.0393 

0.0539 

0.0039 

0.0873 

48 

0.02944 

0.09249 

2.828 

0.0417 

0.0327 

0.0449 

0.0033 

0.0654 

In  considering  speed  ratios  for  spiral  gears  the  driving  gear  can 

be  taken  as  a  worm  having  as  many  threads  as  there  are  teeth  and 

the  driven  as  the  worm  wheel  with  its  number  of  teeth,  so  that  one 

revolution  of  the  driver  will  turn  a  point  on  the  pitch  circle  of  the 

'riven  gear  as  many  inches  as  the  lead  of  the  teeth  of  the  driver. 
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Divide  this  by  the  circumference  of  the  pitch  circle  of  the  driven  gear 
to  get  the  revolutions  of  the  driven. 

While  the  subject  of  spiral  gears  is  rather  complex  if  considered 
broadly,  most  of  the  difficulties  disappear  when  they  have  a  tooth 
angle  of  45  degrees.  It  is  perhaps  for  this  reason  that  from  75  to  90 
per  cent,  of  the  spiral  gears  used  are  made  with  this  angle. 

This  has  the  added  advantage  of  being  the  most  durable,  although 
there  is  but  a  trifling  increase  in  wear  down  to  30  degrees  and  the  wear 
at  20  degrees  is  not  serious.  In  cases  of  necessity  even  12  degrees 
can  be  used  without  destructive  wear. 

Where  higher  speed  ratios  than  can  be  had  with  a  45-degree  angle 
tooth  are  necessary,  they  can  be  laid  out  as  will  be  shown  later  and 
can  be  cut  on  most  milling  machines.  The  usual  change  gears  allow 
about  two  thousand  different  spirals  to  be  cut. 

Where  the  angles  are  not  45  degrees,  the  gear  with  the  greatest 
angle  must  always  be  the  driver. 

All  of  the  tooth  parts  are  derived  from  the  normal  pitch  while  the 
pitch  diameters  are  derived  from  the  circular  pitch.  These  are  never 
the  same  in  two  gears  of  a  pair  except  when  both  are  45  degrees. 

As  the  diameter  of  a  spiral  gear  does  not  indicate  its  speed  ratio, 
the  terms  driven  Sind  follower  are  used  in  place  of  gear  and  pinion. 

45-DEGREE  SPIRAL  GEAR 

These  gears  are  the  simplest  of  all  spirals  to  lay  out  and  to  make, 
the  required  speed  ratios  being  obtained  by  varying  the  diameters, 
precisely  as  with  spur  or  bevel  gears,  the  rules  for  the  speed  ratio 
being  the  same  in  both  cases.  Moreover,  the  various  factors  required 
in  laying  out  and  making  such  gears  can  be  reduced  to  the  simple 
table  shown. 

Such  a  table  has  been  worked  out  by  E.  J.  Kearney.  With  it  any 
one  can  quickly  make  the  few  calculations  connected  with  any  pair  of 
45-degree  gears  having  teeth  between  2  and  48  diametral  pitch. 
This  table  will  be  found  on  preceding  page: 
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Example 

Let  it  be  desired  to  construct  a  pair  of  spiral  gears  with  35  teeth  in 
the  gear  and  16  teeth  in  the  pinion,  using  a  10  pitch  cutter.  Using 
table  on  page  126  we  have 

Pitch  diameter  =  0.14143  X  35  =  4-95o- 

Outside  diameter  =  4.950  +  0.200  =  5.150. 

Pitch  in  inches  to  one  turn  of  spiral  =  0.44431  X  35  =  15 -550. 

Note.  —  A  slight  variation  in  one  turn  makes  no  practical  dif- 
ference, hence  the  ordinary  change  gears  furnished  with  a  imiversal 
miller  will  usually  be  found  sufficient. 

Niunber  of  teeth  in  spur  with  same  curvature  =  2.828  X  35  = 
98.980. 

Looking  at  B  &  S  spur-gear  cutter  list,  we  see  that  99  is  between 
55  and  134,  therefore  we  select  a  No.  2  cutter. 

In  a  siniilar  manner  using  16  as  a  multiplier  we  obtain  the  data  for 
the  pinion.  This  gives  2.262  as  pitch  diameter  so  that  the  center 
distance  =  4-95o  +  ^'^62  ^  ^  ^ 

2 

The  Various  Dimensions  Follow 


Number  of  teeth   

Pitch  diameter 

Outside  diameter 

Pitch  in  inches  to  one  turn 

Angle  of  spiral   

Pitch  of  cutter 

No.  of  cutter 

Whole  depth  of  tooth 

Angle  of  shafts    

Center  distance  of  shafts  . 


Gear 


Pinion 


35 

16 

4.950 

2.262 

5.150 

2.462 

15.550 

7.108 

45^ 

45^ 

10 

10 

2 

3 

0.216 

0.216 

90 

0 

3 

.6 
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is  no  direct  solution  for  a  pair  of  spiral  gears  their 
is  a  tedious  process   and  the  result   must   be  found 


As  there 
calculation 
by  trial. 

As  numerous  calculations  are  absolutely  necessary,  this  formula 
should  not  involve  division  by  large  or  fractional  numbers  and  should 
contain  the  fewest  possible  operations.    Such  formulas  are: 


Let 


Then, 
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C  —  Center  distance, 
P  =  Diametral  pitch, 
Ni  =  Number  of  teeth  in  the  driver, 
Ni  =  Number  of  teeth  in  the  follower, 
Si  =  Spiral  angle  of  driver, 
52  =  Spiral  angle  of  follower. 


^  _  (secant  Si  Nj)  -{-  (secant  S2  N2) 

P  • 

That  is,  the  sum  of  the  secant  of  the  driving  angle  times  the  number  of 
teeth  in  the  driver,  and  the  secant  of  the  follower  angle  times  the 
number  of  teeth  in  it  divided  by  the  diametral  pitch  equals  twice  the 
center  distance.  This  formula  is  derived  as  follows:  The  secant  of 
the  spiral  angle  times  the  pitch  diameter  of  a  spur  gear  of  the  same 
number  of  teeth  and  pitch  equals  the  pitch  diameter  of  a  spiral  gear 
of  that  angle,  the  pitch  of  the  spur  gear  being  the  same  as  the  normal 
pitch  of  the  spiral  gear.  Now  for  a  spur  gear  the  number  of  teeth 
divided  by  the  diametral  pitch  equals  the  pitch  diameter.    Therefore, 

N 
the  secant  of  the  spiral  angle  X  —  =  the  pitch  diameter  of  a  spiral  gear. 

The  combined  pitch  diameters  times  the  center  distance  aife  equal  to 

f  Secant  SiXy^\+ f  Secant  S2  X  — ) 

or  (secant  Si  Ni)  +  (secant  S2  Ni),ioT  one  diametral  pitch. 

The  quantity  secant  Si  Ni  is  the  pitch  diameter  for  the  driver  and 
secant  S2  N2  is  the  pitch  diameter  of  the  follower.  To  obtain  the 
center  distance  for  any  other  pitch,  it  is  simply  necessary  to  divide 
this  last  result  by  that  pitch. 

A  table  of  secants  will  furnish  constants  covering  the  entire  range 
of  angles;  and  therefore,  all  possible  solutions  for  a  pair  of  gears. 
After  long  experience  in  calculating  spiral  gears  these  are  recommended 
by  C.  H.  Logue  as  the  best  and  simplest  for  all  cases. 

Points  to  be  Kept  in  Mind  when  Calculating  Spiral  Gears 

To  assist  in  their  use  the  following  points  should  be  kept  in 
mind: 

1.  The  diameter  of  a  spiral  gear  increases  with  its  angle. 

2.  Therefore,  the  diameter  of  the  follower  will  reduce  as  the  driving 
angle  is  increased,  although  not  necessarily  in  the  same  ratio. 

3.  It  is  quite  possible  for  the  center  distance  to  remain  practically 
constant  through  quite  a  range  of  angles,  the  follower  decreasing  as 
the  driver  is  increased.  This  is  especially  true  when  the  gear  haviiv^ 
the  greater  number  of  teeth  is  the  driver. 
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4.  If  the  center  distance  is  too  great  when  the  driving  angle  is  45 
degrees  —  it  must  not  go  below  that  in  any  case  — a  lower  number 
of  teeth  must  be  selected  for  both  driver  and  follower,  while  main- 
taining the  same  ratio,  and  another  trial  made  using  a  much  higher 
angle  for  the  driver. 

5.  The  center  distance  will  increase  with  the  angle  of  the  driver. 
This  increase  is  more  rapid  when  reducing  than  when  increasing  the 
speed  of  the  follower. 

6.  The  number  of  teeth  selected  for  each  trial  must  be  in  proportion 
to  the  desired  ratio. 

7.  Forty-five  degrees  is  commonly  accepted  as  the  most  efficient 
driving  angle. 

Selecting  Secants  and  Trial  Numbers  of  Teeth 

To  calculate  a  pair  of  spiral  gears,  select  secants  for  the  desired 
angles,  assuming  the  normal  pitch,  try  out  the  value  of  2  C  with  trial 
numbers  of  teetJb  for  driver  and  follower. 

If  the  value  2  C  is  too  small  increase  the  number  of  teeth  and  try 
again.  A  very  few  calculations  will  show  the  nimiber  of  teeth  to 
secure  the  closest  result. 

If  the  center  distance  thus  found  is  not  as  desired  the  angles  must 
be  shifted,  keeping  in  mind  the  general  laws  governing  the  change  of 
the  center  distance  with  the  angle. 

It  is  often  found  that  when  the  desired  center  distance  is  reached 
the  driving  angle  is  too  large  to  be  desirable.  The  only  alternative 
is  to  change  the  normal  pitch  and  try  again.  A  slide  rule  will  give 
approximate  results. 

When  there  are  limitations  placed  on  the  diameter  of  one  or  both 
of  the  gears  the  following  formula  is  of  value.  It  may  also  serve  as 
a  check  on  the  above  calculations.    The  pitch  diameters  are  assumed. 

(pitch  diameter  of  driver  X    \ 
__      number  of  revolutions  of  driver) 

(pitch  diameter  of  follower  X    \ 
number  of  revolutions  of  follower) 

This  will  set  a  limit  on  the  driving  angle  Si,  to  exceed  which  means 
that  the  gear  will  be  too  large. 
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REAL  PITCHES  FOR  CIRCULAR  PITCH 
SPIRAL  GEARS 

The  accompanying  table  will  be  found  convenient  in  figuring 
particulars  for  spiral  gearing,  as  it  eliminates  much  of  the  work  by 
shortening  the  process,  thus  making  it  quite  an  easy  and  simple 
matter  to  find  the  dimensions  for  either  helical  gears  with  axes  paral- 
lel to  each  other  or  for  gears  with  right-angle  drive. 

Formulas  for  use  with  the  table  are  as  follows:  Circumference  on 
pitch  line  =  real  pitch  multiplied  by  number  of  £eeth. 

Lead  of  Spiral  =  Circumference  on  pitch  line  divided  by  the  tan- 
gent. 

Pitch  Diameter  =  Circumference  divided  by  3.1416. 

For  whole  diameter  add  the  same  amount  above  pitch  line  as  for 
spur  wheels  of  the  same  pitch  as  the  normal  pitch. 

The  following  is  an  example  of  the  use  of  the  table:  A  pair  of 
wheels  is  required  to  be:  Ratio,  6  to  i;  normal  pitch,  i  in.;  driver, 
6  teeth;  follower,  36  teeth;  angle  for  driver,  66  degrees;  angle  for 
follower,  24  degrees. 

Referring  to  the  table  we  find  that  the  real  pitch  for  the  driver 
is  2.4585. 

2.4585  X  6  (teeth)  =  14.751  {circumference  on  pitch  line). 

Cir.  14.751  -^  2.246  (tangent)  =  6.567  (lead  of  spiral). 

Cir.  14.751  -r-  3.1416  =  4.695  (pitch  diameter). 

For  the  follower  the  real  pitch  is  1.0946. 

1.0946  X  36  =  39.4056  (circumference). 

Cir.  39.4056  -^  0.4452  (tangent)  =  88.512  (lead  of  spiral). 

Cir.  39.4056  -^  3.1416  =  12.543  (pitch  diameter). 

Another  method  of  finding  the  lead  of  spiral  is  to  multiply  the 
real  pitch  by  the  number  of  teeth,  but  for  this  purpose  take  the 
real  pitch  of  the  mating  wheel. 

In  the  above  example  we  should  have 

Real  pitch  of  follower j  1.0946  X  6  =  6.5676  (lead  of  spiral). 

Real  pitch  of  driver ^  2.4585  X  36  =  88.506. 

It  will  be  noticed  that  there  is  a  slight  difference  in  the  result 
but  this  is  unimportant,  as  it  is  only  brought  about  by  the  dropping 
of  a  few  decimal  points  in  the  tangent. 
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To  find  Ihe  m  inb'r  of  a  p  it  ^ear  c  tiler  lo  be  ised  i  timg  a  ginen 
spiral  gear,  locate  the  intersection  of  lines  traced  from  the  points 
representing  the  number  of  teeth  and  the  sp  nl  ingle  on  tl  e  two 
*eales.  The  number  in  the  area  on  Ihe  chart  vith  n  h  th  the  mter- 
■Bction  falls  is  the  cutter  numbei'of  Brown  &  Sharpes  m volute  cutter 
system  required. 
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SPIRAL  GEAR  TABLE 

While  it  is  better  in  every  case  to  understand  the  principles  in- 
volved before  using  a  table  as  this  tends  to  prevent  errors,  they  can 
be  used  with  good  results  by  simply  following  directions  carefully. 
The  subject  of  spiral  gears  is  so  much  more  complicated  than  other 
gears  that  many  will  prefer  to  depend  entirely  on  the  tables. 

This  table  gives  the  circular  pitch  and  addendiun  or  the  diametral 
pitch  and  lead  of  spirals  for  one  diametral  pitch  and  with  teeth  hav- 
ing angles  of  from  i  to  89  degrees  to  45  and  45  degrees.  For  other 
pitches  divide  the  addendum  given  and  the  spiral  nimiber  by  the 
required  pitch  and  multiply  the  results  by  the  required  number  of 
teeth.  This  will  give  the  pitch  diameter  and  lead  of  spiral  for  each 
wheel.  For  the  outside  diameter  add  two  diametral  pitches  as  in 
spur  gearing. 

Suppose  we  want  a  pair  of  spiral  gears  with  10  and  80  degree  angles, 
8  diametral  pitch  cutter,  with  16  teeth  in  the  small  gear,  having  10- 
degree  angle  and  10  teeth  in  the  large  gear  with  its  80-degree  angle. 

Find  the  lodegree  angle  of  spiral  and  in  the  third  column  find 
1.0154.  Divide  by  pitch,  8,  and  get  .1269.  Multiply  this  by  num- 
ber of  teeth  —  .1269  X  16  =  2.030  =  pitch  diameter.  Add  2 
pitches  —  two  i  =  J  and  2.030  +  .25  =  2.28  inches  outside  diameter. 

The  lead  of  spiral  for  10  degrees  for  small  wheel  is  18.092.  Divide 
by  pitch  =  18.092  -i-  8  =  2.2615.  Multiply  by  number  of  teeth, 
2.2615  X  16  =  36.18,  the  lead  of  spiral,  which  means  that  it  makes 
one  turn  in  36.18  inches. 

For  the  other  gear  with  its  80-degree  angle,  find  the  addendiun, 
5.7587.  Divide  by  pitch,  8,  =  .7198.  Multiply  by  number  of 
teeth,  10  =  7.198.  Add  two  pitches,  or  .25,  gives  7.448  as  outside 
diameter. 

The  lead  of  spiral  133.1901.  Dividing  by  pitch,  8  =  .3988.  Multi- 
pXying  by  number  of  teeth  =  3.988  the  lead  of  spiral. 

When  racks  are  to  mesh  with  spiral  gears,  divide  the  number  in 
the  circular  pitch  columns  for  the  given  angle  by  the  required  dia- 
metral pitch  to  get  the  corresponding  circular  pitch. 

If  we  want  to  make  a  rack  to  mesh  with  a  40-degree  spiral  gear 
of  8  pitch :  Look  for  circular  pitch  opposite  40  and  find  4.  loi .  Divid- 
ing by  8  gives  .512  as  the  circular  pitch  for  this  angle.  The  greater 
the  angle  the  greater  the  circular  or  linear  pitch,  as  can  be  seen 
by  trying  an  80-degree  angle.  Here  the  circular  pitch  is  2.261 
inches. 
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THREADS  OF  WORMS 

Worms  are  cut  with  threads  having  a  total  angle  of  29  degrees, 
similar  to  the  Acme  thread.  Some  use  the  same  proportions  as  for 
the  Acme,  but  most  use  a  deeper  thread  such  as  the  Brown  &  Sharpe, 
which  is  .6866  deep  instead  of  .51  for  a  one-inch  pitch  as  in  the  Acme. 
It  is  not  easy  to  cut  odd  fractional  pitches  in  most  lathes,  so  regular 
pitches  are  cut  and  the  circular  pitch  of  the  worm  wheel  is  allowed 
to  come  in  fractional  measurements  for  pitch  diameters  and  center 
distances.  Having  determined  on  the  reduction  as  40  to  i,  the  rel- 
ative proportions  can  be  considered  as  follows: 

Assume  a  thread  of  4  to  the  inch  for  the  worm  or  a  lead  of  J  inch. 
Then  as  the  reduction  of  40  to  i  there  must  be  40  teeth  in  the  worm 
gear,  J  inch  from  center  to  center  of  teeth  or  10  inches  in  circum- 
ference on  the  pitch  line  or  3.18  inches.  If  a  reduction  of  20  to  i 
is  wanted  we  can  use  the  same  gear  but  cut  a  double  thread  of  2  per 
inch,  which  will  give  the  same  distance  between  teeth,  but  the  worm 
gear  will  be  moved  two  teeth  every  revolution  of  the  worm. 

Some  of  the  commonly  used  proportions  are: 

_.^  ,    J.  -  No.  of  teeth  X  pitch  in  inches 

Pitch  diam.  of  worm  gear  = ~: . 

3-1416 

T^.  1.1  ^-1416 

Diametral  pitch  =  -^rr^ :r~r. 

Linear  pitch 

2 
Throat  diam.  of  worm  gear  ■»  Pitch  diam.  +  ■^. pIJIu* 

Outside  diameter  of  gear  for  60**  sides  =  throat  diameter  +  2  (.13397 
thioat  radius.) 

Whole  depth  of  tooth  of  worm  or  worm  gear  =«  .6866  X  linear 
pitch. 

Width  at  top  of  tooth  of  worm  =  .335  X  linear  pitch. 
Width  of  bottom  of  tooth  of  worm  =  .31  X  linear  pitch. 
Outside  diam.  of  worm  —  single  thread  =  4  X  linear  pitch. 
Outside  diam.  of  worm  —  double  thread  =  5  X  linear  pitch. 
Outside  diam.  of  worm  —  triple  thread  =  6  X  linear  pitch. 
Face  of  worm  gear  =  i  to  f  outside  diameter  of  worm. 

Width  of  Face 

A  COMMON  practice  for  determining  the  width  of  face  or  thickness 
of  worm  wheels  is  shown  in  Fig.  15.  Draw  the  diameter  of  the 
worm  and  lay  ofiF  60  degrees  as  shown;  this  gives  the  width  of  work- 
ing face,  the  sides  being  made  straight  from  the  bottom  of  the  teeth. 
Others  make  the  face  equal  to  \  the  outside  diameter  of  worm,  but 
J  the  diameter  of  the  worm  is  more  common. 
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SPEEDS  AND  FEEDS  FOR  GEAR  CUTTnTG 
(CiNcmNATi  Geak  Cutting  Machine  Co.) 
RaJige  of  different  sizes  of  machines  as  follows: 

No.  3.  Up  to  and  including  4  diametral  pitch. 
No.  4.  Up  to  and  including  3  diametral  pitch. 
No.  s.  Up  to  and  including  1  diametral  pitch. 
No.  6.  Up  to  and  including  1}  diametral  pitch. 
No.  7.  Up  to  and  including  i    diametral  pitch. 
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MILLING  AND   MILLING   CUTTERS 


MILLING  MACHINE  FEEDS  AND  SPEEDS 

The  determining  of  the  proper  feeds  of  milling  cutters  in  the  past 
was  usually  a  matter  of  guesswork,  or  experience,  as  a  good  many 
would  tenn  it,  no  absolute  rule  of  any  kind  having  ever  been 
established. 

A  guide  for  determining  the  proper  feed  of  milling  cutters  is  found 
in  ascertaining  the  thickness  of  the  chip  per  tooth  of  the  cutter. 

Taking,  for  example,  an  average  size  milling  cutter  working  in 
cast  iron,  say  2J  inches  diameter,  3  Inches  long,  with  eighteen  teeth, 
which  is  quite  commonly  used,  and  it  will  be  found  that  the  thick- 
ness of  the  chip  per  tooth  is  quite  small,  resulting  in  .0018  inch,  with 
a  table  feed  of  2  inches  per  minute.  This  is  entirely  too  slow.  Now, 
comparing  this  cut  of  .0018  inch  with  a  lathe  tool  cut,  it  will  be  seen 
that  such  a  chip  in  a  milling  cutter  is  much  smaller  and  is  far  more 
injurious  to  the  cutter  than  a  heavier  feed,  since  the  cutting  edge  of 
a  tool  will  hold  up  longer  in  cutting  into  the  metal  instead  of  scrap- 
ing it. 

A  cutter  is  very  seldom  ruined  by  the  feed,  but  is  generally  ruined 
by  overspeeding  it.  For  instance,  with  a  cutter  of  thirty  teeth  with  a 
table  feed  of  .300  inch  per  revolution,  the  chip  per  tooth  will  then 

.300 
only  be  — y  =  .010  inch  thick  —  still  quite  a  light  cut  when  compar- 
ing it  with  a  lathe  tool  chip.  Hence  in  many  cases  of  milling,  if  the 
feeds  are  guided  by  the  thickness  of  chip  per  tooth,  a  much  faster 
feed  would  be  used,  since  it  is  evident  that  the  heaviest  feeds,  com- 
aratively,  give  only  a  thin  chip  per  tooth. 


Cutting  Speeds 

The  Brown  &  Sharpe  Mfg.  Co.  recommends  a  cutting  speed  of  65 
feet  per  minute  for  carbon  and  80  to  100  feet  per  minute  for  high 
speed  milling  cutters  under  average  conditions.  On  soft  cast  iron, 
having  a  tensile  strength  of  about  13,000  pounds  —  the  feed  recom- 
mended is  0.148  inches  per  revolution  or  about  9  inches  per 
minute  for  carbon  cutters.  With  a  medium  cast  iron  of  about 
23,000  poimds  tensile  strength,  the  same  speed  is  maintained  but 
the  feed  reduced  about  J  or  to  6  inches  per  minute.  Fot  \vv^  ^rr^ 
cutters  the  feed  can  run  up  to  0.26  inch  pet  Tevo\\xt\oT\.  0x1  \5afc  ^»V\s2t 
iron, 
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On  steel  of  65,000  tensile  strength,  with  a  cut  6  inches  wide  by  ^ 
indi  deep,  a  feed  of  16  inches  per  minute  can  be  maintained  for  long 
periods.  At  60  revolutions  per  minute  and  a  feed  of  0.262  per  revo- 
lution 18  cubic  inches  per  minute  was  removed  with  21  horse- 
power. 

It  is  not  always  advisable  to  maintain  the  highest  cutter  speeds  as 
a  slower  speed  and  heavier  feed  will  prevent  vibration  and  chatter. 
These  are  not  maximum  results  but  can  be  attained  under  regular 
working  conditions.  The  horsepower  required  for  removing  a  cubic 
inch  of  metal  per  minute  on  the  milling  machine  may  be  safely  con- 
sidered as  1 1  horsepower  for  steel  and  J  horsepower  for  cast  iron. 


The  Action  of  a  Milling  Cutter 


Experiments  carried  on  with  cutters  at  the  works  of  the  Cincinnati 
Milling  Machine  Company  and  extending  over  several  years,  have 
led  to  results  of  general  interest.  These  tests  covered  milling  cutters 
of  various  types. 

The  action  of  the  ordinary  milling  cutter  is  not  a  true  cutting 
action,  as  it  is  commonly  understood.  By  a  true  cutting  action  is 
meant  the  driving  of  a  wedge-shaped  tool  between  the  work  and  the 
chip  and,  although  this  definition  is  not  based  on  a  generally  accepted 
meaning  of  the  term,  it  is  believed  that  it  expresses  fairly  well  what 
most  mechanics  understand  by  cutting.  Practically  all  milling 
cutters  have  their  teeth  radial  and  this,  of  course,  excludes  the  possi- 
bility of  driving  a  wedge  between  chip  and  work.  The  tooth  com- 
presses the  metal  until  it  produces  a  strain  great  enough  to  cause  a 
plane  of  cleavage  at  some  angle  with  the  direction  of  the  cutter.  It 
then  begins  to  compress  a  new  piece,  push  it  off,  and  so  on.  This  at 
least  seems  to  be  the  action  of  the  cutter,  judging  by  the  form  of  the 
chips.    These  chips  are  in  the  form  of  needles  or  small  bars. 

The  chip  taken  by  a  milling  cutter  varies  very  materially  from 
those  taken  by  a  lathe  or  planer  tool.  These  latter  tools  make  chips 
of  uniform  section,  whereas  the  section  of  a  milling  chip  increases 
from  zero  to  a  maximum. 

Fig.  I  shows  a  milling  chip  as  it  would  appear,  if  no  compression  or 
distortion  took  place.  The  proportions  are  very  much  exaggerated,  so 
as  to  bring  its  typical  shape  clearer  into  view.  The  width  A  B  at 
the  top  is  equal  to  the  feed  per  tooth.  The  height  5  C  is  the  depth  of 
cut.  The  length  B  D  is  the  width  of  cut.  The  section  M NOP, 
shown  halfway  on  the  chip,  is  a  normal  section  and  a  measure  of  the 
amoimt  of  work  which  was  done  at  the  time  the  cutter  passed  the 
point  M. 

Fig.  2  shows  the  action  of  a  milling  cutter,  with  center  O,  when  the 

cutter  is  rotating  and  the  work  is  feeding  at  the  same  time.     The 

♦00th  A  B  sweeps  through  the  path  B  C.    When  the  point  B  has 

ched  the  position  Bi,  a  new  tooth  starts  cutting.     By  this  time  O 

advanced  to  position  O2,  and  the  new  tooth  ^42  ^2  is  not  yet  in  a 

I'caJ  position,  when  the  point  Bi  touches  the  work.    When  the 
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cutter  revolves,  tiis  point  Bi  must  penetrate  into  the  work  and  com-   ' 
press  the  metal  of  the  work.     The  result  will  be  spring  in  the  arbor. 
When  this  spring  has  aastmied  certain  proportions,  (he  blade  or  tooth 


Fig.   I  — Chip   As-  Fro. a. —Action 
sumed  to  be  pro-      of  Milling 
duced  by  Cutter      Cutter 
without  distortion 

•  begins  to  remove  a  chip.  This  may  he  assumed  to  take  place  in  the 
position  S),  the  tooth  simply  gliding  over  the  work  from  Bj  to  B,. 
This  action  must  necessarily  he  very  harmful  to  the  cutter,  and  it 
was  believed  that  this,  perhaps  more  fMn  any  other  action  of  the 
cutler,  caused  its  dulling.  It  would  be  especially  severe  with  light 
cuts,  as  a  relatively  smidl  amount  of  spring  would  allow  the  [xiint 
Bi  to  travel  through  a  large  arc.  It  would  be  quite  possible  that  a 
tooth  should  fail  entirely  to  take  a  chip,  and  that  the  succeeding  tooth 
would  take  a  chip  of  double  the  amount. 

This  peculiar  action  of  the  milling  cutter  is  inherent  in  its  con- 
struction and  cannot  be  avoided.  This  question  then  is  how  to 
minimize  these  harmful  results. 

Another  feature,  which  limits  the  ability  of  a  milling  cutter  to 
remove  metal,  is  the  proportion  between  the  chip  to  be  removed  and 
the  amount  of  space  between  two  adjoining  teeth.  Such  a  limitation 
does  not  exist  with  lathe  or  planer  tools,  where  the  chips  have  un- 
limited space  in  which  to  flow  oH.  , '  d 

Form  of  Tooth  in  tue  New  Cuttee  •" 

The  foregoing  considerations  led  to  a  gradual  evolution  of  spiral 
miUing  cutters.  At  first,  the  number  of  teeth  o(  spiral  mills  was  only 
slightly  diminished,  as  it  was  thought  that  some  element  which  was 
not  considered  might  affect  the  result.  Gradually  the  spacing  was 
increased  and  the  cutters,  as  now  used,  have  taken  the  forms  shown 
in  Fig.  3.  ... 

Two  standard  sizes  are  used,  although  other  sizes  are  required  for 
spediil  cutters  and  special  gangs.  The  standard  diameters  are  3^ 
inches  and  4J  inches.  The  3i'inch  diameter  cutters  arc  made  with 
nine,  and  the  4i-inch  diameter  cutters  with  ten  teeth,  which  corce- 
^jonds  to  a  spacing  of  about  il  inches.  The  point  of  the  tooth  has  a 
land  of  j\  inch,  and  the  back  o£  the  tooth  forms  an  angle  of  45  degrees 
with  the  radial  line.  The  chip  space  is  approximately  four  times  as 
in  theusualstandardcutter  of  thepceaetit.i.iav«a,ndk(ataKd 
-inch  radius  at  the  bottom. 


^g: 
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MiUiDg  Cutters  and  their  Eflidency 

Mocks.  It  will  be  noticed  that  the  same  amount  of  power  is  required 
to  take  a,  cut  1-inch  deep  and  with  10.4  feed  with  a  cutter  of  |-incb 
pitch,  and  a  cut  t  inch  deep  and  with  13.5  feed  but  with  a  cutter 
1 1-inch  pitch. 

Therefore  there  is  a  large  increase  in  the  amount  of  metal  which 
can  be  removed  with  the  same  amount  of  horsepower,  by  using  these 
wide-spaced  cutters.  It  was  also  found  that  for  roughing  on  the  ordi- 
nary work  in  the  shop  a  cutter  with  the  wider-spaced  teeth  would 
remain  sharp  for  a  longer  period,  notwithstanding  that  feeds  had  been 
increased. 


The  Finish  o 


It  is  a  common  belief  that  better  finish  can  be  obtained  with  teeth 
closely  spaced,  but  experience  with  the  wide-spaced  cutter  shows  that 
there  is  no  ground  for  this  belief.     The  grade  of  finish  may  be  ex- 
pressed by  the  distance  between  successive  marks  on  the  work.    These 
marks  are  revolution  marks  and  not  tooth  marks.     It  is  practically 
impossible  to  avoid  these  revolution  marks.     They  are  caused  by 
the  cutter  not  being  exactly  round  or  quite  concentric  with  the  hole, 
by  the  hole  not  being  of  exactly  the  same  size  as  the  arbor,  by  the 
arbor  not  being  round,  by  the  straight  part  of  the  arbor  not  being 
concentric  with  the  taper  shank,  by  the  taper  shank  not  being  round 
or  of  the  same  taper  exactly  as  the  taper  hole  in  the  spindle,  by  this 
taper  hole  being  out  of  line  with  the  spindle,  by  looseness  between 
the  spindle  and  its  bearings,  etc.     Each  of  these  items  is  very  small 
in  any  good  milling  machine;   yet  the  accumulation  of  these  little 
errors  is  suflicient  to  cause  a  mark,  and  this  mark  needs  to  have  a 
deoth  of  only  a  fraction  of  a  thousandth  of  an  inch  to  be  very  plainly 
v.    As  these  marks  are  caused  by  conditions  which  return  once 
ny  revolution  of  the  cutter,  it  is  plain  that  the  spacing  of  the 
sn  have  no  effect  on  the  distance  between  them  and,  therefoie, 
^ade  0/  finid).     TTtis  has  been  proven  by  actual  tests. 
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The  Chip  Breaker 

It  is  generally  believed  that  for  finishing  alone  a  milling  cutter 
should  be  used  without  chip  breakers,  the  effect  of  the  chip  breaker 
being  to  scratch  the  surface.    To  overcome  this  trouble,  clup  break* 


'  !  Chip  Breaker 
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1   ^^'' 


10  B  H.  Spiral  4  Teetli 


10  R.H.  Spiral  5  Teetli 


4»r 


'JlV 


]0  B  H.  Spiral  6  Teeth 


lOB.H.  Spiral  8  Teeth 


Fig.  8.  — Taper  Shank  End  Mills 


ers  are  made  as  shown  in  Fig.  7  with  clearance  at  both  comers.  This 
prevents  the  tearing  up  of  metal  with  the  result  that  a  cutter  with 
these  chip  breakers  produces  as  good  a  finish  as  one  without  chip 
breakers. 

End  Mills 

Fig.  8  shows  the  end  mills  which  are  now  considered  standard  by 
the  Cincinnati  Milling  Machine  Company  and  'wVvicYv  ^  \i.t^^\>Sk22^ 
all  requirements.     They  are  made  in  sizes  oi  x  VnOa.,  t.\  Ycv.Oas»»,  '^ 
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imtha  and  i  indies  m  diunete-.  the  snuDet  «itfa  fbor,  and  the 
bluest  with  dght  teeth.  In  order  u>  prcscrt-e  tbc  stioigth  ot  the 
Ucth  it  b  necomy  to  mill  tbc  back  of  Uk  teeth  of  tbc  three  smaDcr 
■itcs  with  two  facrs.  Tbdr  actioo  is  rrtnarkahly  free.  A  i-indi 
tapa  shank  end  mill  miDed  a  slot  iiV  inches  deep  in  a  solid  btoA. 
of  cast  iron  at  a  rate  <rf  6  indies  pa  minute.    The  block  was 


Fig.  g.  —  Spiral  Shell  Cutters 


damped  to  the  table  of  the  milling  machine  and  the  knee  was  fed 

upward.    The  same  cutter  would  remove  from  Lhe  end  of  the  casting 

a  sectitH)  ij  inches  wide  and  1}  inches  deep.     Under  the  latter  CMi- 

ditions.  the  chips  would  free  themselves  from  the  cutter  and  these 

■^re  rolled  up  in  pieces  much  like  the  chips  obtained  from  a 

net  tool,  when  taking  a  finishing  cut.     This  cut  was  taken 

d  of  II  inches  per  minute.    Another  similar  cut,  but  i  inch 

itdies  in  section,  was  taken  with  a  feed  of  33  indies  pa 
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Fig.  9  shows  the  shell  end  mills  of  the  wide-spaced  type,  which 
are  now  considered  standard  for  their  use  by  the  Cincinnati  Milling 
Machine  Company,  and  Figs.  16  and  11  show  the  side  mills. 


r-%e 


Fig.  10.  —  Side  Mills 


lOTMh 


Fig.  II.  — Side  Mills 

When  milling  steel,  a  heavy  flow  of  oil  on  a  milling  cutter,  forced 
by  means  of  an  oil  pump,  is  just  as  essential  as  the  great  volume  of 
oil  which  is  used  on  automatic  screw  mac^iine  tools,  which  would 
not  hold  up  one-half  hour  if  not  so  flushed  The  life  of  a  milling 
cutter  amply  lubricated  will  be  materially  prolonged  and  it  will  be 
capable  of  standing  a  much  heavier  feed. 


Tan  a 


Leads  of;B.  &  ;S.  Cutter  Spirals 

The  leads  of  the  Brown  &  Sharpe  Cutter 
Spirals  are  as  follows: 

Tan  0=7 


Diam.  of  Cutter 

Lead 

Diam.  of  Cutter 

Lead 

i' 

7.29' 

2" 

31.5' 

t-i' 

952" 

2i-2r 

36" 

I' 

la-yi" 

21-3' 

48' 

i-ii' 

17.14" 

3*-3r 

60' 

ij' 

23.33" 

4" 

68.57' 

u' 

28' 

\ 
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UILUNC  AKD   UILLING   CUTTESS 


MTT-l.THC  HEAKT-SHAPBD   CAMS 

Om  melliod  of  pnxlaciDg  faout-shaped  cams  k  as  foUom: 
Laj  out  (be  cuive  of  the  cam  nn^^,  as  in  F^.  i.  Dnit  uid  re- 
move the  ODiside  stock,  being  sore  to  leave  sofficient  stock  to  over- 
CDme  errors  in  laying  out.  Put  the  cam  on  the  nut  arbor  and  li^teii 
lecuFcif.  If  the  roll  of  the  cam  is  1  ladius,  select  a  mining  cotter 
having  the  same  radius,  as  the  roll  of  the  cam  must  ctnne  to  the  lowest 
point,  which  it  would  not  be  able  to  do  if  a  cutter  of  a  smaller  ladius 
than  that  of  the  roll  wcrr  used.  It  would  also  make  a  difference  to 
the  other  points  on  the  curve  of  the  cam,  which  is  not  quite  so 
1  first  glance. 


Selecting  a 


.  Index 


The  next  operatbn  is  to  place  the  cam  between  centers  on  the 

milling  machine,  having  (he  cutter  in  line  with  the  vertical  radius 

of  the  cam,  al  its  lowest  point.     Next  choose  an  index  circle  which 

will  give  a  division  of  the  cam  such  (hat  the  rise  of  each  division  will 

'n  thousandths  of  an  inch,  if  possible.     For  (his  cam  lake  a  circle 

tl  will  give  300  divisions.     As  this  will  make  loo  divisions  on 

e,  the  nse  of  each  division  will  be  o.oii  of  an  inch.    Now  raise 

able  to  the  required  hight,  starting  at  the  lowest  point  of  the 

and  mill  across,  as  in  Fig.  I. 
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Moving  the  Table 

For  the  other  cuts  lower  the  table  o.oii  each  time,  and  revolve 
the  cam  one  division  until  the  highest  point  of  the  cam  is  reached, 
then  raise  the  table  o.oi  i  for  each  division  of  the  cam. 

When  the  cam  comes  from  the  milling  machine  there  will  be  found 
to  be  small  grooves  left  between  the  cuts.  These  may  be  easily 
removed  by  smoothing  off  with  a  file  without  impairing  the  accuracy 
of  the  cam. ' 

Most  screw-machine  cams  can  be  made  in  this  manner,  and  they 
will  be  found  to  be  more  accurate  than  if  laid  out  and  filed  to  the 
line,  and  also  much  easier  to  make  after  one  has  become  accustomed 
to  the  method. 


MILLING   CAMS   BY   GEARING   UP   THE 
DIVIDING   HEAD 

By  the  method  here  shown,  cams  of  any  rise  may  be  milled  with 
the  gears  regularly  furnished  with  the  milling-machine. 


Lead  for  vrhicb  Milling  Machine  is  Gtoared 


Fig.  3. — Diagram  for  Angle  of  Index  Head 

With  the  head  set  vertically  the  lead  of  the  cam  would  be  the  same 
as  the  lead  for  which  the  machine  is  geared,  while  with  the  head 
horizontal  and  the  milling  spindle  also,  a  concentric  arc,  or  rest,  would 
be  milled  on  the  cam,  regardless  of  how  the  machine  was  geared. 
By  inclining  the  head  and  milling  spindle,  we  can  produce  any  lead 
on  the  cam  less  than  that  foi«  which  the  machine  is  geared. 

The  method  of  finding  the  inclination  at  which  to  set  the  index 
head  is  shown  in  Fig.  3,  and  is  simply  the  solution  of  a  plain  right- 
angled  triangle,  in  which  the  hypothenuse  represents  the  lead  of  the 
machine,  and  one  of  the  other  sides  represents  the  lead  we  wish  to 
produce  on  the  cam.  By  dividing  the  latter  by  the  former  we  get 
the  sine  of  the  angle  of  inclination. 

Take  for  illustration  a  plate  cam  having  J-inch  rise  in  300  degrees. 

^60       , 

which  is  the  lead  we  want  on  the  cam,  while  the  slowest  lead  for  which 

the  B  &  S.  machine  can  be  geared  is  0.67 

o.it; 

— T^  =  0.224. 

0.67 
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Consulting  a  table  of  sin^  we  find  0.224  approximates  closely  the 
sine  of  13  degrees,  which  is  the  angle  at  which  to  set  the  head,  and 
if  the  milling  spindle  is  also  set  at  the  same  angle,  the  edge  of  the 
cam  will  be  parallel  with  the  shaft  on  which  it  is  to  run.  Fig.  4 
shows  a  milling-machine  set  for  this  job. 

When  a  cam  has  several  lobes  of  different  leads,  we  gear  the 
machine  up  for  a  lead  somewhat  longer  than  the  longest  one  called 
for  in  that  cam,  and  then  all  the  different  lobes  can  be  milled  with 
the  one  setting  of  gears,  by  simply  altering  the  inclination  of  head 
and  milling  spindle  for  each  different  lead  on  the  cam. 

If  the  diameter  of  the  cam  and  the  inclination  of  the  head  will 
admit,  it  is  better  to  mill  on  the  under  side  of  the  cam,  as  that  brings 
the  mill  and  the  table  nearer  together  and  thus  increases  rigidity, 
besides  enabling  us  to  easily  see  any  lines  that  may  be  laid  out  on 
the  Hat  face  of  the  cam.  Also  the  chips  do  not  accumulate  on  the 
work. 


Fig.  4. — Dividing  Head  Set  for  Cam  Milling 

The  work  is  fed  against  the  cutter  by  turning  the  index  crank, 
and  on  coming  back  for  another  cut  we  Jturn  the  handle  of  the  milling* 
machine  table.  As  a  result  the  work  will  recede  from  the  cutter 
before  the  cam  blank  commences  to  turn,  owing  to  back  lash  in  the 
gears,  thus  preventing  the  cutter  from  dragging  over  the  work  while 
running  back. 

In  this  way  we  use  to  advantage  what  is  ordinarily  considered  a 
defect  in  machine  construction. 

The  milling-machine,  when  used  as  shown  in  Fig.  4,  will  be  found 
to  be  more  rigid  than  when  the  head  is  set  in  the  vertical  position, 
and  the  cams  will  work  more  smoothly  on  account  of  the  shearing 
action  of  the  cutter. 

One  possible  objection  to  the  method  here  advocated  is  the  neces- 
sity of  using,  in  some  cases,  an  end  mill  of  extra  length  of  tooth.  In 
practise,  an  end  mill  }-inch  diameter  and  with  a  3  J -inch  length  of 
tooth  IS  not  unusual;  but  the  results  in  both  speed  aivd  c!^»\\V^  ^\VL 
be  found  entirely  satisfactory. 
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E  Cincinnati  Milling  Mac 
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On  the  preceding  pages  an  cKplanation  is  given  of  the  methods  of 
computing  the  angle  at  wliich  (o  set  the  dividing  head  and  milling 
head  for  cutting  spiral  screw  machine  cams  or  other  cams  of  similar 
form  to  any  desired  lead.  For  leads  helow  0.6  inch  the  method 
referr«l  to  will  he  of  direct  service,  but  where  the  lead  is  greater  than 
0.6  inch  the  following  tables  can  be  used  to  great  advantage  as  these 
give  at  once  the  settings  of  dividing  head  and  vertical  milling  attacli- 
ment  for  leads  from  0.6  inch  to  6  inches. 

These  tables  give  all  the  information  necessary  and  it  only  remains 
for  the  milling  machine  operator  to  select  the  lead  of  the  desired  cam 
from  the  tables  and  set  up  for  the  corresponding  change  gears  and 
angles. 

In  setting  the  vertical  milling  attachment  read  the  an^l^  direct 
from  the  dial.  Example:  if  the  angle  given  in  the  table  [s  39} 
degrees,  set  the  spindle  3gi  degrees  from  its  veriical  position. 


1 


In  setting  the  dividing  head,  subtract  the  angle  in  the  table  from 
90  degrees.  The  difference  represents  the  angle  to  which  the'dividiog 
head  spindle  must  be  raised  from  the  horizontal  position. 

Example;  The  angle  given  in  the  table  is  39S  degrees,    godegrees 
39J  degrees  equals  goj  degrees. 

Set  the  dividmg  head  spindle  50}  degrees  up  from  the  horizontal 
poalion.    This  angle  is  read  direct  from  the  dial.     The  set  up 
shown  in  Fig.  s- 

~he  tables  may  of  course  be  used  in  connection  with  Lht  <m.V\.\o.%' 
other  similar  cams. 
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PLAIN  AMD   DIFFERENTIAL   INDEXING  ON   BROWN  & 
SHARPE  HILLING  MACHINES 

The  general  arrangement  of  the  universal  dividing  head  is  illua- 
tiated  in  Figs,  i,  2,  and  3.  As  indicated  by  the  diagrammatic  sketch 
Fig.  2,  tie  worm  wheel  A  is  secured  to  the  main  spindle  of  the  spiral 
head  and  rotated  by  means  of  the  worm  shaft  and  single- threaded 
worm  B.  The  index  plate  (having  rows  of  equally  spaced  holes) 
remains  stalionarj'  durii^  the  dividing  operation,  and  is  fitted  with 
adjustable  sector  arms  which  obviate  the  necessity  of  counting  the 
number  of  holes  through  which  the  index  crank  requires  to  be  moved 
a  division  is  made  on  the  surface  of  the  work.    The  stao- 


dard  ratio  between  the  worm  B  and  the  worm  wheel  A  is  i ;  40;  and 
to  find  the  movement  of  the  index  crank  for  any  required  division, 
the   following   formub  is  employed:    The  movement  of  the  index 

crank  =  5?  where  JV  is  the  number  of  equal  divisions  required. 

N 


of  the-  index  crank  for  each  division  =  5;  =  5  revdu- 


Genehai.  Principle  of  Difperentiaj,  Indexing 

The  number  of  equal  divisions  which  may  be  obtained  by  simple 

indexing  (with  the  index  plates  usually  provided  by  milling-machine 

makers)  is  strictly  limited,  and  does  not  meet  all  the  requirements 

-nlled  for  in  practice. 

Oifferenlial  indexing  provides  the  most  convenient  way  of  over- 
liag  this  diSicvUly,   iJiis  method  being  simplec  than  compound 
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indexing.  In  the  differential  system  the  dividing  operation  is  per- 
formed as  in  simple  indexing,  the  only  difference  being  that  the  index 
plate  instead  of  remaining  stationary  during  the  process  of  indexing, 
is  made  to  move  relatively  to  the  index  crai^,  being  connected  to  the 
main  spindle  of  the  spiral  head  by  a  set  of  change  gears,  which  may 
be  arranged  to  give  either  a  positive  or  negative  movjement  to  the 

WomWIiMl. 
40TMth 


Fig.  2 


Worm  Wheel, 
40  Teeth 

Single  Thread 
Worm 

Main  Spindle 


Ikiual  Wheels 


Equal  Spiral 
Gears 

>t         ^Index  Plate 


Index  Or^k 


X 


I 


Fig.  3 


index  plate;  whichever  is  found  necessary  to  determine  the  actual 
motion  which  must  be  given  to  the  index  crank  in  order  to  satisfy  the 
formula  given  above' for  simple  indexing:   Actual  movement  of  the 

index  crank  =  ~  • 

N 

The  two  views  in  Fig.  i  and  the  diagram,  Fig.  3,  will  serve  to  give 
an  idea  of  the  arrangement  of  the  gearing,  which  is  adopted  uv  d\i- 
ferential  indexing. 
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For  any  movement  of  the  index  crank  the  motion  is  transmitted  to 
the  index  plate  (which  is  free  to  rotate  on  the  worm  shaft)  as  follows: 
The  index  crank  drives  through  the  worm  shaft  and  worm  B  to  the 
worm  whed  A ,  which  in  turn  transmits  the  motion  through  the  change 
gears,  spiral  gears  and  equal  gears,  the  last  of  which  is  connected 
directly  to  the  index  plate.  The  last  pair  of  gears  being  equal  and 
driven  through  equal  spiral  gears,  whatever  number  of  revolutions 
are  given  to  the  gear  £,  the  index  plate  will  make  the  same  number. 
It  is  therefore  convenient  to  consider  the  revolutions  of  the  gear  £, 
as  the  revolutions  of  the  index  plate  in  all  calculations. 

To  illustrate  the  influence  of  the  gearing  on  the  index  plate  and 
indexing  operation,  consider  the  foUowing  example:  Required  to 
index  for  107  divisions: 

If  we  use  the  plate  having  20  holes  and  move  8  holes  per  division, 

as  in  simple  indexing  for  100  divisions,  100  moves  will  of  course  be 

required  to  rotate  Uie  worm  40  turns,  which  in  turn  rotates  the 

spindle  once.    If  now  we  make  107  moves  with  the  index  plate  fixed 

8 
as  in  simple  indexing,  we  will  obtain  107  X  —  =  42.8  revolutions  of 

20 
the  worm,  which  is  2.8  in  excess  of  what  is  required.    Therefore  the 
index  plate  must  be  geared  so  that  it  will  move  back  2.8  turns  while 
the  spindle  is  revolving  once;  that  is,  the  ratio  of  the  gearing  must  be 
2.8  to  I. 

2.8     2.8    y^     2 

12  1 

2       20     40  I      32      32 

Then—  =  ^  X  ^and  the  gears  will  be  64  and  56  for  the  spindle 
I  40  32 
and  first  gear  on  stud,  and  40  and  32  for  the  worm  and  second  gear  on 
stud,  as  shown  in  Fig.  i.  As  compound  gears  are  used,  but  one  idler  is 
required  to  cause  the  index  plate  to  move  in  a  direction  opposite  to  that 
of  the  crank.    For  this  purpose  an  idler  having  24  teeth  is  employed. 

Formula  for  Finding;  the  Gear  Ratio 

A  simple  formula  for  the  determination  of  the  gear  ratio  necessary 
to  rotate  the  index  plate  as  required  for  any  given  number  of  teeth 
is  derived  as  follows: 

Let  N  equal  the  nimiber  of  divisions  required  to  be  indexed. 

Let  n  equal  some  number  either  greater  or  smaller  than  N,  which 
can  be  obtained  directly  by  simple  indexing. 

Let  —  equal  the  index  setting;  that  is  tha  setting  of  the  sector 
n 

arms  for  each  movement  of  the  index  crank; 

Then  n  —  iV  X  —  equals  the  gear  ratio. 

n 
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If  the  number  chosen  for  n  is  greater  than  the  number  of  divisions 
required  {N)  the  index  plate  must  be  geared  to  have  a  positive  motion, 
that  is  to  rotate  in  the  same  direction  as  the  index  crank.  If  the 
niunber  n  is  less  than  N  the  index  plate  is  geared  to  have  a  negative 
motion,  that  is,  to  rotate  in  opposite  direction  to  the  crank. 

Application  of  the  Formula 

Suppose  we  wish  to  obtain  63  divisions:  choose  any  number  for 
n  whidi  may  be  obtained  by  simple  indexing,  say  60,  then 

:       (n-i^0  =  (6o-63)  =  -3 

This  number  (—3)  when  multiplied  by  the  value  of  the  index  setting 

will  give!  the  gea^  ratio.    The  index  setting  eqiials  ^,  equals  ^,  then 

n  60 

(n  -  N)^  =  -  3  X^  =  -~  or  ^  as  the  gear  ratio. 
n  60  30       I 

We  can  therefore  use  gears  of  48  and  24  teeth,  the  48  gear  being  the 

driver  and  the  24  geai:  the  follower;  that  is^  the  48  gear  being  on 

the  spindle  and  the  24!  gear  on  the  worm.    As  n  is  smaller  than  N 

the  idlers  are  arranged  tio  give  a:  negative  movement  to  the  index  plate. 

The  index  setting  is  jfound  above  as  —  which  equals  ^  or  -  •    We 

»        i  60      3 

can  thud  use  the  39  hoje  circle  in  the  index  plate  and  set  the  sector 

for  26  holes,  this  givingj  the  setting  as  —  or  - ;  that  is,  we  set  the  sec- 

j  39       3! 

tor  and  index  pin  exactly  the  same  as  fori  simple  indexing  of  60 

divisions. 

I 

I  ; 

The  tables  on  the  following  pages  give  the  idividing  head  gears  for 
indexing  all  nuo^bers  up  to  730. 
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24 

660 

33 

A 

661 

16 

A 

64 

S6 

48 

72 

24 

662 

16 

A 

64 

44 

24 

48 

24 

663 

17 

A 

24 

24 

56 

664 

16 

A 

32 

48 

24 

44 

665 

49 

A 

56 

40 

24 

44 

666 

18 

tV 

24 

72 

44 

667 

16 

tV 

64 

48 

32 

72 

24 

668 

16 

A 

32 

56 

24 

44 

669 

33 

A 

44 

24 

24 

24   . 

670 

33 

A 

72 

48 

44 

40 

24 

671 

33 

% 

72 

48 

24 

24 

672 

18 

A 

24 

64 

44 

673 

16 

A 

48 

44 

32 

72 

24 

674 

33 

A 

72 

56 

44 

48 

24 

675 

33 

A 

44 

40 

24 

24 

676 

16 

A 

32 

72 

24 

44 

677 

18 

A 

48 

32 

24 

86 

678 

18 

A 

24 

56 

44 

679 

49 

A  ■ 

28 

44 

24 

40 

680 

17 

A 

681 

33 

A 

44 

56 

24 

24 

682 

33 

»^ 

48 

64 

24 

24 

683 

16 

A 

32 

86 

24 

44 

684 

18 

A 

32 

64 

44 

685 

18 

A 

24 

56 

48 

40 

686 

15 

A 

40 

64 

24 

86 

24 

687 

18 

A 

24 

t 

44 

48 

688 

16 

A 

24 

72 

24 

44 

/"^    / 

39    1 

i\ 

24 

48 

24 

V   5^ 

6go     / 

.s  1 

24 

\  ^0 

\st> 

\ 

*  Special  gear. 


PLAC 

i  AXl 

n  DiF 

Jrl3t£} 

OTAL 

IXDE 

JOXG 

ISO 

s-v^ 

-r -^ 

1 

1 

1 

i 
• 

u 

K 

1 

i  1 

■  s  ■ 

I  s 

,  X.. 

Hole 

J5 
1 

•S: 

1    6 

IdkB 

Q 

c 

2 

1  2« 

• 

1 

M 

1% 

J 

691 

18 

A 

;  48  .  3^  : 

M 

5S» 

692 

18 

A 

1  '^ 

56 

32   , 

64 

693 

18 

h 

i  32 

1 

1 

48 

44 

694 

17 

I'r 

,  68» 

1 
1 

56 

24 

44 

69s  . 

18 

h 

J  72 

24 

24 

100 

696 

18 

A 

'  24 

32 

56  ' 

697 

17 

iV 

5  24 

24 

M 

44 

698 

18 

A 

:  72 

44 

24 

48 

699 

18 

.  A 

48 

56 

44 

700 

18 

A 

72 

40 

32 

64 

701 

17 

tV 

68* 

48 

32 

56 

24 

702 

18 

A 

24 

24 

56 

703 

19 

A 

24 

72 

44 

704 

18 

A 

72 

24 

24 

64 

70s 

18 

A 

48 

40 

44 

706 

18 

A 

72 

56 

24 

707 

18 

A 

72 

52* 

24 

708 

18 

A 

72 

48 

24 

709 

18 

A 

72 

44 

24 

710 

18 

A 

72 

40 

24 

711 

18 

A 

64 

■ 

32 

44 

712 

18 

A 

72 

32 

24 

713 

18 

A 

72 

28 

44 

714 

18 

A 

72 

24 

44 

715 

18 

A 

72 

32 

64 

40 

716 

18 

A 

72 

28 

56 

32 

717 

18 

A 

72 

24 

64 

32 

718 

33 

A 

44 

S8^ 

24 

64 

24 

719 

17 

A 

681 

52^ 

24 

72 

24 

720 

18 

A 

721 

21 

A 

24 

64 

32 

68» 

722 

19 

A 

32 

64 

44 

723 

18 

A 

72 

24 

64 

32 

24 

724 

18 

1 
T8 

72 

28 

56 

32 

24 

725 

18 

A 

72 

24 

48. 

40 

24 

726 

18 

A 

72 

24 

24 

44 

727 

18 

A 

72 

28 

24 

44 

728 

18 

A 

72 

^  ^^ 

\  '^*' 

k  N\ 

729  , 

730     / 

j8 
20    I 

A  1 
A 

64 

\ 

\.  'h'^ 

\  ^"^ 

\  \\ 

32 

48 

\- 

\s. 

\ 

\ 

^Si 

>ecia\  \ 

gear. 

MHilNG   AND   MUXlNG   CUTTERS 


INDEXING  ANGLES 


nii 


IIIrEskSI^Ss^sI 


|5S  ss 

0   6   a  6 


%i S B s s  :t  i%^ i s i i  %  %  5% 
l-SllaEllllli  His 


/  / 


iriii 

=  11  =  ="1  I 

•Sal''  •'     i 
a  ^  |-=  s  s 

I  E  S  g  s  fi 


II: 

-1  ^  t 
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MILLING  AND  MILLING  CUTTERS 


MILLING  CUTTER,  REAMER  AND  TAP  FLUTES 

The  following  tables  give  the  number  of  teeth  or  flutes  suitable 
for  milling  in  various  t3rpes  of  cutters,  reamers,  taps,  etc.,  and  also 
show  the  forms  of  fluting  cutters  used. 


End  Mills 


Straight  Teeth 

Spiral  Teeth 

Dia.Mill 

No.  Teeth 

Dia.  Mill 

No.  Teeth 

A  to  A 
f  to  I 

1 1  to  li 

li 

6 

8 

10 

12 

14 

i   to     i 
Ato    « 
I      to  I  J 
if  to  I  } 

8 
10 
12 

14 

Shell  End  Mills;  Straight  or  Spiral 
Teeth 

Inserted  Tooth  Cutters,  P.  &  W.  Form 

Dia.  MiU 

No.  Teeth 

Dia.  Cutter 

No.  Blades 

ll  to  lA 
iJ  to  2^^ 
2tt0  3 

16 

18 

"^     20 

4 

S 
6 

7 
8 

10 

12 

10 

12 

16 
18 
20 

24 
28 

Metal  SLrrriNG  Cutters 


Thickness 

Pitch 

Thickness 

Pitch 

^ 

ft 

ft 

ft 

A 

i 

ft 

ii 

/j 

ft 

i 

i 

i 

ft 

Screw  Slotting  Cutters 


Cutters  thinner  than  -^  cut  -^^  p\\.e\v. 

Cutters  3^j  to  ^^  thick     cut  -^  p\\.e\v. 

Cutters  over  ^j  thick.       cut  ^^  pileVv. 


PLAIN  MILLING  CUTTERS 
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Plain  Milling  Cutteks 

Flotino  Cutteks 

Dia.  of  Cutter 

No.  of  Teeth 

^ 

2    to    2} 

18 

/ 

\ 

3  to    3} 

4  to    S 
Si  to    6 
6Jto    8} 
9    to    9} 
9i  to  10 

10}  to  II 

20 

22 

24 
26 
28 

30 
32 

1 

40  to  48 

Form  of  Cutter  for  Milling 
Teeth    in  Plain    Milling 
Cutters. 

Plain  cutters  of  }-incli  face  and  over  are  generally  made  with 
spiral  teeth.  The  12-degree  angle  on  side  of  fluting  cutter  gives 
ample  clearance  for  cutting  spiral  grooves  with  the  i2-degree  face 
set  on  the  center  line  of  the  work. 


Side  or  Straddle  Mills 

Dia.  of  CuUer 

No.  of  Teeth 

X 

2 

16 

\ 

2} 

2}  to  3i 

3i  to  4i 

5  to  si 

6  to  6} 

7  to;} 

8  to  8} 

20 

24 
26 

28 

30 
32 
34 

\ 

• 

Angular  Cutter  for  Milling 
Teeth  in  Straddle  Milling 
Cutters. 

For  milling  teeth  on  periphery  of  straddle  tcv\\\^  \3iSfc  ^T\!gc\"a.\  oaNSjev 
with  60  degree  angle  at  A;  for  milling  leeVVv  oyv  sv^es»  o\  ox\Xr\'5»  >as& 
/^*  7S^  or  So°  cutter  according  to  number  oi  leeV\v  m  o\V\sx  \»  ^^ 
milled. 
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MILLING  AND  MILLING  CUTTERS 


Corner  Rounding  Cutters 

Fluting  Cutters 

Dia.  Cutter 

Rad.  Circle 

No.  Teeth 

.   \ 

\/  ~»t-  .*• 

2 

2}  to  3§ 

si 

A  to  J 
A  to  J 
Atof 

iitoi 

14 
12 

ID 

8 

js^to 

«v 

Concave  and  Convex  Cutters 

Dia.  Cutter 

Dia.  Circle 

No.  Teeth 

2 

2j  to  3i 
3ito4 

Jtol 
ftoii 

ij  to  2 

12 

lO 

8 

Angular  Cutter  tor  Milling 
Teeth  in  Comer  Round- 

;  ing,  Concave  and  Convex 
Cutters. 

Angular  Cutters 

- 

Dia.  of  Cutter 

No.  of  Teeth 

i 

Pv 

2} 
3 

18 
20 
22 

B 

/ 

\ 

1 

Double  Angle  Cuiters 

!                            ! 

Dia.  of  Cutter 

!                i 

1 

;No.  of  Teeth 

< 

i      2itoj 

i : 

i         22 

■ 

Cutters  for  Spiral  Mills 


Dia.  of  Cutters 


2i 
2f 

3 


Cutter  for  Milling  Teeth  in 
Angular  Cutters,  Double 
Angle  Cutters  and  Cut- 
ters for  Spiral  Mills.  To 
cut  Teeth  on  side  A  of 
this  Cutter  use  60°  Cutter. 
To  cut  side  B  use  70^-75** 
Cutter. 


\ .  .\\ 


\'-v 


SCREW  MACHINE  TAPS 
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BjkMDTATS 


Tap  Fluximo  Otthk 


of  Tap 


No.  Fhates 


Atoif 

llt0  2} 

3    to4 
3  to  4    mm. 
5  to  44  mm. 
46  to  50  mm. 


llACHiifK  ScKEW  Taps 


Dia.  of  Tap 


No.  I  to  7 
No.  8  to  30 


Tapper  Taps 


I>ia.  of  Tap 


itoif 
If  to  2 


MAcmNE  OR  Nut  Taps 


,    Dia.  of  Tap 


No.  Fhites 


A  to  A 
}    t0  2j 
2|  to3 
3ito4 


Screw  Machine  Taps 


Dia.  of  Tap 


/  toii 

I A  to  2 


No.  Flutes 


4 
6 


With 

3  Flutes  in 

4  Flutes  in 

5  Flutes  in 

6  Flutes  in 

7  Flutes  in 

8  Flutes  in 

With 

3  Flutes  in 

4  Flutes  in 

5  Flutes  in 

6  Flutes  in 

7  Flutes  in 

8  Flutes  in 


Tap,  B 
Tap,  B 
Tap,  B 
Tap,  B 
Tap,  B 
Tap,  B 


Tap,  E 
Tap,  E 
Tap,  E 
Tap,  E 
Tap,  E 
Tap,  E 


i    D 
AD 


a.  Tap 
a.  Tap 
a.  Tap 
a.  Tap 
a.  Tap 
a.  Tap 


/j  Dia.  Tap 

J    Dia.  Tap 

\\  Dia.  Tap 

iJ  Dia.  Tap 

/j  Dia.  Tap 

■l^  Dia.  Tap 


In    milling    \a^s  -wi^    ^^   ^cjcc^^-i. 
cutter  the  cuttex  m\isX>Dfc  cfcTsJcw\  ^w>Js^ 
the  tap. 
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MILLING  AND  MILLING  CUTTERS 


Taper  Pipe  Taps 

Tap  Fluting  Cutters 

Dia.  of  Tap 

No.  of  Flutes 

Jto    } 

4  - 
4  or  5 

p      /K 

I   to  li 
2 

5 
7 

I'K     1 

2i 

8 

• 
_.  _  J      —  — . 

3 

9 

3it0  4 

II 

1 

Straight  Pipe  Taps 

Dia.  of  Tap 

No.  of  Flutes 

U'TX/^ 

B 

"A 

-to    i 

4 

!    toij 

S 

.li 

6 

2 

7 

Cutter  A  is  a  regular  tap  fluting  cutter 

2i 

8 

that  may  be  used  if  preferred  for  fluting 

3 

9 

any    kind    of   tap   in    place    of   convex 

3i 

10 

cutter  B. 

Pipe  Hobs 


Dia.  Hob 


itoi 

i 

i 

i 


No. 
Flutes 


6 

8 

9 
10 


Dia.  Hob 


ij  to  li 
2 

2i 


No. 
Flutes 


12 
16 
20 
24 


Dia.  Hob 


3 

3i 
4 
4i 


No. 
Flutes 


28 

34 
36 
46 


Sellers  Hobs 


Dia.  Hobs 


i  to  T^ 
i  to    } 


No. 
Flutes 


6 

8 

10 


Dia.  Hob 


iJ  to  2\ 

2f  to  2I 

J  to  4 


No. 
Flutes 


12 

14 
16 


Hob  Taps 


Dia.  Hob 


i 

\ 


to    J 
to    i* 
to  li 

to  2 


No. 
Flutes 


6 

8 

10 

12 


Hob  Fluting 
Cutter 


In      fluting 
hobs  leave 


CUTTERS  FOR  FLUTING  REAMERS 
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Shell  Reamers 


Dia.  oi  Reamer 

s 

Dia.  of  Reamer 

S 

0 

Dia.  of  Reamer 

1 

• 

6 

• 

1 

10 

* 

• 

1 

Itoi 

fi  to  1} 

2A  to  2} 

14 

iltof 

8 

iH  to  2i 

12 

m  to  4 

16 

Cutters  for  Fluting  Reamers 


Dia.  of 
Reamer 


itoA 
ito 

}to 

I  to  I 


R  »  Radius 
of  Comer 


o 


Dia.  of 
Reamer 


I  i  to  I J 
lAt0  2l 
2Ato3 


R  =  Radius 
of  Comer 


Dia.  of 
Reamer 


1 


i 


i 

I 

I 

li 


A  =  Am't  Cut- 
ting Edge  is 
Ahead  of 
Center 

Dia.  of 
Reamer 

^11 

li 

^16 

li 

.022 

2 

.027 

2} 

•033 
.038 

2i 

2i 

.044 

3 

•055 

A  =  Am't  Cut 

ting  Edge  is 

Ahead  of 

Cento: 


.066 

.087 
.098 
.109 
.120 

•131 


\ 


The  type  of  cutter  shown   may  be  used  lox  aW  cVa^ss^^  0I  ^^•sv.xwt^'s^ 

except  rose  reameis. 
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MILLING  AND  MILLING  CUTTERS 


Rose  Chucking  Reamers 


->i: 


Uie  75*Anfalac 
Gutter  for  £nd. 


Uie  80° Angular 
^Cotter  for  Flutes 


Depth  of  OrooTe=H  to  H  Die. 


•o 

•o 

a 

a 

H 

H 

Dia.  of  Reamer 

o.  of 
Cuts 

No.  of 
Flutes 

Dia.  of  Reamer 

o.  of 
Cuts 

No.  of 
Flutes 

^ 

^ 

»to    J 

6 

3       • 

if  to  2 

12 

6 

f  toi 

8 

4 

2^  to  2i 

.14 

7 

li  to  li 

ID 

5 

2}  to  3 

i6 

8 

Taper  Reamers 


Morse  Taper 

B.  &  S.  Taper 

Jarno  Taper 

No.  of  Taper 

•38 

6 
8 

ID 

14 
i6 

No.  of  Taper 

No.  of 
Flutes 

No.  of  Taper 

No.  of 
Flutes 

o  to  I 
2  to  4 

5 
6 

7 

I  to    5 

6  to  ID 
II  to  12 

13 
14  to  16 

16  to  18 

6 
8 

ID 
12 

14 
16 

2 

3  to    4 
5  to  10 

II  to  15 

16  to  18 

19  to  20 

4 
6 
8 

ID 
12 

14 

Taper  Pin  Reamers 

Locomotive  Taper  Reamers 

No.  of  Reamer 

No.  of 
Flutes 

Dia.  of  Reamer 

No.  of  Flutes 

coco  to  00 
0  to    7 

8  to  10                1 
II  to  14                 1 

4 
6 

8 

10 

i  to    i 
A  tori 

iHt0  2 

6 
8 

\   ^^ 

HALF-ROUND   KEYWAY 
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Center  Reamers 


-1 


DIAMETER  OP  STRADDLE   MILL  FOR  FLUTING   (3   FLUTES) 


Outside 

Outside 

ISze  of  l^eamer 

Dia.  of 

Size  of  Reamer 

Dia.  of 

Cutter 

• 

Cutter 

J'^CUt 

2i 

i'^cut 

3i 

J'^cut 

2} 

Tcut 

3} 

Y  cut 

3 

1"  cut 

4 

t^cut 

3i 

CUTTER  KEYWAYS 


..i..._..^ 


i-^w-— I 


Square  Keyway 


Dia.  Hole,  A 
Width  Key,  W 
Depth,  D. . . . 
Radius,  R  . . . 


f 


T% 


.020 


i 

.030 


A 

A 


lA-if 
A 
A 

.040 


lA-il 
1 

i 

.030 


A 

A 
.060 


aA-ai 
f 

A 

.060 


2A-3 

.060 


i*— w^  -^ 


Half-Round  Keyway 


Dia.  Hole,  A.     f-f    I  Ji-|f 
Width,  W....       i  ^ 

Depth,  D....  I    ^     j    ^^ 


^'  \  \ 


STANDARD  T-SLOT  CUTTERS 


Width  of  SM 

Db,ma^ot 

WidihofSlot 

■>r- 

EilniiM  Limit 

Indus 

lothal 

Incha 

] 

A 

i 

A 

J, 

i 

f 

1 

s 

A 

. 

1 

k 

LAEGEsr  SqiTAREs  th 

AT 

0A» 

SE  Milled  on  Round  Stock 

^^ 

Derin,al 

SqiLirc 

^-" 

Slock       ^ 

nr- 

si«or 

Square 

Fraction 

A 

■IIS 

.088 

■1"^       I 

0:.^ 

1.105 

lA  — 

iM7S 

in 

631 

I- '49 

a- 

6B71 

ItV  + 

1I2'; 

i,+ 

IS" 

1-237 

A 

17=i 

Ids 

^lii; 

I.  =82 

4S7'! 

,iog 

a7S 

I.,. 6 

■i- 

A 

u 

S62S 

?oa 

000 

I    1  + 

6., 

"A          ! 

*31 

1.4^8 

'    1  + 

6H7^ 

48b 

=  1        = 

IIS 

1.502 

1       + 

75° 

5.1° 

J" 

"A       " 

iSjs 

J-547 

; 

J 

S7S 

Oig 

- 

■A       < 

ms 

1.65  s 

S 

0,17  S 

66, 

1+ 

u-; 

1.679 

1  + 

I  + 

>A 

□6j5 

7S'; 

:  + 

Soo 

1.768 

I  + 

S6„ 

■A 

iS7^ 

iiS 

1.8^6 

■  J 

ISO 

KS4 

i»7S 

■A 

92B 

+ 

.i        ■■ 

1  + 

■1 

+ 

s|       i 

K,is 

I  + 

rf    /'.«7J  /  . 

.A  + 

>l       i 

ais 

2A  + 

^y      A./oo    /  r.otf.    1  :  A  - 

f    \ 

.000 

Ai:^ 

\.\- 

DISTANCE  ON  CIRCUMFERENCE 
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Table  of  Divisions  Corresponding  to  Given  Circcuferbhtial 

Distances 

This  table  gives  approximaite  number  of  divisions  and  distances 

apart  on  circumference,  corresponding  to  a  known  diameter  of  worlc. 

It  is  useful  in  miUing-macliine  work  in  cutting  mills,  saws,  ratchets, 


DISTANCE  ON  ClBCHHrEBENCE 

Db.ot 

Work 

A- 

31 

t6 

r 

6 
g 

A' 

i- 

A' 

V 

ft' 

i- 

A" 

*• 

U' 

i' 

V 

'• 

A 

I 

3i 

'<) 

9 

6 

7 

5 

1 

5° 

25 

'i 

8 

6 

63 

31 

16 

& 

6 

I 

a 

38 
50 

19 

'3 
IS 
I? 

13 

fi 

6 

2 

6 
7 

6 

tz6 

63 

3' 

16 

13 

f) 

a 

7 

6 

'5" 

75 

38 

'5 

■S 

13 

8 

7 

176 

88 

44 

29 

18 

IS 

13 

g 

7 

6 

50 

2I 

14 

8 

7 

S 

) 

126 

56 

33 

16 

'3 

9 

S 

I 

=5' 

li'S 

63 

3" 

25 

18 

16 

14 

9 

I 

377 

'38 

69 

46 

J5 

28 

^3 

't 

15 

14 

13 

9 

302 

'5' 

75 

50 

38 

30 

25 

19 

17 

15 

14 

9 

327 

'63 

82 

54 

41 

33 

37 

="3 

18 

16 

•5 

352 

.76 

88 

59 

44 

JS 

30 

25 

18 

16 

13 

378 

.8g 

94 

^3 

47 

38 

31 

27 

34 

19 

'7 

401 

67 

50 

40 

34 

29 

15 

18 

IS 

'3 

428 

107 

Ji 

a 

43 

36 

31 

27 

■5 

>3 

454 

22J 

"4 

76 

57 

^l 

38 

32 

28 

25 

»3 

14 

478 

139 

79 

60 

43 

40 

34 

30 

*7 

44 

'7 

>S 

503 

252 

126 

84 

63 

50 

36 

3' 

28 

25 

13 

18 

16 

'j 
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33 
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26 
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93 

69 

55 

46 
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26 
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50 
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For  example:  A  straddle  mill,  say,  5  inches  in  diameter,  is  lo  be 
cut  with  teeth  ^  apart.  Without  a  table  of  this  kind  the  workman 
will  have  to  go  to  the  trouble  of  mulliplying  the  diameter  by  3.1416 
and  then  divide  by  ^  to  find  the  number  of  teeth  to  set  U9  (oc.  In. 
the  table,  under  A  and  opposite  S,  he  can  fend  a\.  once  v\it  witttwH 
of  divisions,  as  36.  Where  the  table  sho*a  ai\  oAA  iiMwtaet  -^^  m^'*-. 
one  more  or  less  can,  of  course,  be  taken  "d  "A  'la  vm^T^JaA  'w  ^'*-"'* 
even  number  of  teeth. 
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UILLmG  SIDE  TEETH  IN  HILLING  CUTTKtS; 
Tee  table  gives  tbe  angle  at  which  to  set  the  dividing  bead  of  a 
miller  when  nulling  the  ade  teeth  in  milling  cutters. 


The  table  shows  the  angle  to  the  neare 
dividing  bead  is  not  graduated  to  read  in 
degree  is  taken. 


SPEEDS   FOR    COLD    SAWS 
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CUTTING  SPEEDS  FOR  COLD  SAW  CUTTING-OFF 

MACHINES 

The  table  on  page  204  shows  the  practice  of  the  Brown  &  Sharpe 
Mfg.  Co.  The  semi-high  speed  still  is  used  for  soft  steel  but  high 
sp€«d  is  recommended  for  cutting  tool  steel.  A  good  lard  cutting  oil 
is  preferred  though  it  can  be  dark  colored  and  more  impure  than  for 
screw  machines. 

The  experience  of  this  company  has  led  to  the  adoption  of  the  saw 
tooth  shown  herewith.  This  allows  a  slower  speed  and  coarser  feed 
than  finer  teeth,  and  cuts  stock  more  easily  and  quickly. 


Space 


yi  Space 


Ve  Space 


«/i«B. 


n 


!*^A 


Screw  Diam. 


16"to  18" 
22" 
24" 


Thickness 

Via" 
Vax" 


Section  of  Cut 


Newton  Machine  Tool  Works  recommend  a  high  speed  and  light 
feed  for  steel  low  in  carbon  and  manganese  to  keep  the  chip  thin  as 
possible.  Up  to  35-point  carbon  use  60  to  65  feet  per  minute  for 
solid  blades.  From  35  to  50-point  carbon,  55  to  60  feet  per  minute 
and  less  feed.  Above  50-point  carbon  use  inserted  tooth  saws.  With 
inserted  tooth  saws  speeds  can  be  from  50  to  80  feet  per  minute 
on  50  to  70-point  carbon,  but  only  on  heavy,  rigid  machines.  For 
cutting  sprues  in  steel  foundries  a  solid  tooth  saw  with  a  speed 
of  55  feet  per  minute  and  a  feed  of  \  to  f  inch  per  minute  is  recom- 
mended. 

The  work  should  be  flooded  at  all  times  with  any  good  cutting 
compound  which  does  not  rust.  A  good  mixture  is:  whale  oil,  9 
quarts;  pure  lard  oil,  2  gallons;  sal  soda,  15  poundsj  and  40  gallons 
of  water. 

The  Tindel-Morris  Co.  give  \  inch  per  minute  as  a  safe  feed  for 
steel  bars  of  45-point  carbon  from  2  to  10  inches  in  diameter.    The 
speed  of  inserted  tooth  saws  is  given  as  25  to  30  feet  per  rawvvvl&^^^js* 
this,  with  a  coarse  feed,  gives  good  lesviits.    TY^?.\s^x}a.\\xvOcv^'2iaew^ 
hetween  teeth.    Liberal  power  is  needed  —  2.  ^^mOo.  'sav.'^  ^^ojissTCiSii 
&oin  10  to  IS  horsepower. 
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TURNING  AND   BORING 

The  accompanying  table  is  a  ready  means  of  figuring  machine  time 
on  turned,  bored  or  faced  work. 

The  ordinary  method  employed  is  to  ascertain  the  number  of  feet 
in  the  circumference  of  the  piece  by  multiplying  the  diameter  in 
inches  by  3.1416  and  dividing  by  12.  The  next  step  consists  of 
dividing  the  length  by  the  feed  used,  which  gives  the  entire  number  of 
revolutions  the  piece  must  make. 

Constants  for  Cutting  Time,  in  Minutes 


Fkkd  in 
Inches 

CurriNG  Speed 

Two  Cuts  at 

IS  Feet 

18  Feet 

20  Feet 

25  Feet 

30  Feet 

35  Feet 

40  Feet 

1-64    1-32 

1.676 

1.396 

1-257 

1.005 

0.8378 

0.7181 

0.6281 

1-32    1-16 

0.8378 

0.6981 

0.6283 

0.5027 

0.4189 

0.3590 

0.3141 

1-16    I-  8 

0.4189 

0.3491 

0.3142 

0.2513 

0.2094 

0.1795 

0.1570 

1-8    1-4 

0.2094 

0.1745 

0.1571 

0.1257 

0.1047 

0.0898 

0.0785 

One  Cut  at 

1-64 

1.117 

0.9308 

0.8378 

0.6702 

0.5585 

0.4787 

0.4189 

x-32 

0.5585 

0.4654 

0.4189 

0.3351 

0.2793 

0.2394 

0.2094 

1-16 

0.2792 

0.2327 

0.2094 

0.1676 

0.1396 

0.1197 

0.1047 

1-  8 

0.1396 

0.1164 

0.1047 

0.0838 

0.0698 

0.0598 

0:0524 

1-4 

0.0698 

0.0582 

0.0524 

0.0419 

0.0349 

0.0299 

0.0262 

Two  Cuts  at 

45  Feet 

50  Feet 

60  Feet 

70  Feet 

80  Feet 

90  Feet 

100  Feet 

1-64     1-32 

0.5581 

0.5027 

0.4189 

0.3590 

0.3142 

0.2793 

0.2513 

1-32     I- 16 

0.2793 

0.2513 

0.2094 

0.1795 

0.1571 

0.1396 

0.1257 

1-16    I-  8 

0.1396 

0.1257 

0.1047 

0.0898 

0.0785 

0.0698 

0.0628 

1-8    1-4 

0.0698 

0.0683 

0.0524 

0.0449 

0.0393 

0.0349 

0.0314 

One  Gut  at 

1-64 

0.3723 

0.3.^51 

0.2793 

0.2394 

0.2094 

0.1852 

0.1676 

1-32 

0.1862 

0.1676 

0.1396 

0.1197 

0.1047 

0.0931 

0.0838 

1-16 

0.0931 

0.0838 

o.o6g8 

0.0598 

0.0524 

0.0465 

0.0419 

I-  8 

0.0465 

0.0419 

0.0349 

0.0299 

0.0262 

0.0233 

0.0209 

I-  4 

0.0233 

0.0209 

0.0175 

0.0150 

0.0131 

0.0116 

0.0105 

Having  the  circumference  in  feet  and  the  number  of  revolutions, 
it  is  necessary  to  multiply  them  to  find  the  entire  number  of  feet 
traveled.  Dividing  this  result  by  the  speed  of  cut  in  feet  per  minute 
will  give  the  actual  cutting  time  in  minutes. 

The  figuring  is  not  complicated  in  any  way ,  buV  \1  \va.^  \^^  ^\^aA- 
vantage  0/  taking  too  much  time.     It  can  be  ie?oVv^^  vciVq  \>Qfc  V^^^ 
ing  formula,: 
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2o6  TURNING   AND    BORING 

Diameter  X  3-1416  X  kn,^th  in  inches  ^  ^.^  .^  ^ .„^ 
12  X  speed  X  feed ^  in  inches 

The  known  factors  in  the  case  can  be  resolved  into  a  constant 
which  is  directly  dependent  on  the  feed  and  speed;  hence,  a  table 
covering  a  wide  range  of  speeds  and  feeds  is  necessary  for  their  proper 
use. 

One  part  of  the  table  gives  constants  for  two  cuts  at  ^-inch  and 
^Vuich  feed,  up  to  i-inch  and  J-inch  feed,  at  any  speed  from  15  feet 
to  100  feet  per  minute.  The  rest  of  the  table  gives  constants  for 
one  cut  at  ^-inch  up  to  and  including  i-inch  feed,  also  at  any  speed 
from  15  feet  to  100  feet  per  minute. 

A  typical  computation  is  as  follows: 

A  piece  4  inches  in  diameter,  10  inches  long,  is  turned  with  two  cuts 
at  ^inch  and  ^^inch  feed,  each  with  a  cutting  speed  of  20  feet  per 
minute.  Diameter  X  length  in  inches  X  constant  =  time  in  min- 
utes.   4  X  10  X  0.6283  =  26  minutes. 

If,  for  the  purpose  of  accuracy  it  is  thought  advisable,  in  connec- 
tion with  these  two  cuts,  to  nm  another  cut  over,  the  constant  0.6283 
is  added  to  a  constant  for  the  third  feed  used.  If  this  feed  is  ^-inch, 
then  we  have  0.6283  +  0-8378  =  1.4661,  the  constant  for  three  cuts, 
one  of  j'g-inch,  one  of  ^inch,  and  one  of  ^-inch  feed. 

Table  Has  Wide  Application 

There  is  hardly  a  combination  of  feeds  and  speeds  that  it  is  not 
possible  to  secure  by  inspection  from  the  table.  By  interpolation 
an  added  number  can  be  secured. 

The  table  can  be  adapted,  on  account  of  its  wide  range,  to  the 
known  individual  performance  of  any  lathe  or  boring  mill  in  the  shop. 
No  slide  rule  or  any  special  operations  are  necessary  to  secure  the 
desired  results,  merely  a  knowledge  of  multiplication. 

For  flange  facing  it  is  possible  to  use  the  table  with  the  same  ease 
as'for  boring  and  turning  by  figuring  on  the  main  diameter. 

Rotary  Cutting  Speed 

An  easy  method  of  calculating  the  cutting  speed  of  a  lathe  tool 
or  milling  cutter  is  to  divide  the  number  of  revolutions  by  4  and 
multiply  by  the  diameter  in  inches.  This  gives  the  cutting  speed 
in  feet  per  minute.  Dividing  3.1416  by  12  gives  .262  and  .25  is  very 
close  after  allowing  for  belt  dip. 

Let  D  =  diam.  of  work,  cutter  or  boring  bar. 
N  =  revolutions  per  minute. 
C  =  cutting  speed  in  feet  per  minute. 

4  D  N 

Lathe  Tool  Tests 

-&  testing  steels  for  lathe  and  similar  tools  it  liaLS  bccoTCift  cvisto- 
mary  to  use  standard  material,  speeds,  ieeds  aivd  dep\)a.  ol  oiX..    \\y 
£^n2e  cases  tools  are  run  until  they  break  dovm,  m  o\\iets  \}sv^^  ^x^ 
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passed  if  they  stand  up  for  a  specified  time.  A  20-point  carbon  steel 
is  often  selected  and  cuts  i  inch  deep  with  1^  to  J  inch  feed  at  cut- 
ting speeds  of  from  60  to  90  feet  per  minute. 

The  U.  S.  Navy  Department  specifies  that  a  J-inch  lathe  tool 
shall  stand  up  for  20  minutes  with  a  ^^inch  cut  and  iV^ich  feed  at 
60  feet  per  minute  without  regrinding;  the  material  must  be  at  least 
80,000-lb.  tensile,  and  50,000-lb.  elastic  limit  with  a  25  per  cent, 
elongation  in  2  inches.    The  steel  is  annealed  before  the  test. 

Cutting  Lubricants 

Cast  iron  is  usually  worked  dry,  but  when  hard  cast-iron  gears  are 
to  be  cut,  as  with  three  cutters,  the  first  cut  through  will  work  better 
with  strong  soda  water.  It  makes  an  objectionable  mess,  but  the 
work  will  be  done  faster  and  the  cutters  keep  sharper  longer  than 
with  the  dry  process  of  cutting. 

Brass  and  babbitt  are  usually  cut  dry,  but  to  hand-ream  brass  and 
babbitt  is  sometimes  difficult  if  the  reamer  is  a  Uttle  dull.  Kerosene 
arid  turpentine  are  used  with  good  results.  Cast  iron  can  be  hand- 
reamed  easily  with  tallow  and  graphite,  mixed,  and  the  hole  will 
be  kept  just  the  size  of  the  reamer.  Copper  can  be  worked  well  with 
lard-oil  and  turpentine  mixed. 

In  boring  babbitt  bushings  and  rod  boxes  in  a  lathe  or  boring  mill, 
it  is  very  diflBLCult  to  work  the  material  dry  as  the  chips  have  a  great 
tendency  to  roll  around  the  tool  and  into  a  hard  baU,  tearing  the 
metal  and  making  a  rough  ragged  hole.  In  this  case  kerosene  and 
lard-oil  mixed  will  work  well. 

Cheap  oil  is  sometimes  used  as  a  lubricant  for  cutting,  but  soap 
water  or  soda  water  is  better  for  iron  and  steel  shafting  and  with  a 
sharp  tool  and  light  finish  cut  the  work  will  be  smooth  enough  to 
polish  without  filing. 

Rawhide  is  a  very  peculiar  substance  to  work,  and  to  drill  it  with 
a  twist  drill  is  a  tedious  job,  as  the  flutes  will  clog  and  stick  if  run  dry. 
A  cake  of  soap  held  against  the  drill  will  prevent  all  trouble  and 
sticking  of  drills.  It  is  bad  practice  to  use  oil  on  rawhide  as  it  injures 
the  fiber  and  loosens  the  glue.  Drills  should  be  run  at  very  high 
speed  in  rawhide  to  work  well. 

Turpentine  is  good  in  some  cases  where  fitting  is  done,  such  as 
scraping  lay-out  plates,  or  face  plates.  Oil  wfll  form  a  coating  so 
that  marks  cannot  be  seen  plainly,  but  turpentine  will  prove  bene- 
ficial on  this  kind  of  work  if  used  freely.  The  marks  can  be  seen 
plainly,  and  the  work  is  a  great  deal  easier  to  scrape  than  with  an 
oil  surface,  as  the  oil  glazes  over  the  surface  and  makes  it  hatd  to 
start  a  tool. 
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GRINDING  WHEELS  AND  GRINDING 

The  Commercial  Abrasives 

Emery,  corundum,  carborundum,  and  alundum  are  the  ordinary 
commercial  abrasive  materials.  They  vary  in  liardness,  though  it 
does  not  follow  that  the  hardest  grit  is  the  best  for  cutting  purposes; 
the  shape  and  form  of  fracture  of  the  particles  must  also  be  taken 
into  consideration.  We  may  imagine  a  wheel  made  up  from  dia- 
monds, the  hardest  substance  in  nature,  and  whose  individual  ker- 
nels were  of  spherical  form;  it  is  quite  obvious  that  it  would  be  of 
little  service  as  a  cutting  agent;  on  the  other  hand,  if  these  kernels 
were  crystalline  or  conchoidal  in  form  it  would  probably  be  the  ideal 
grinding  wheel. 

Emery  is  a  form  of  corundimi  foimd  with  a  variable  percentage  of 
impurity;  it  is  of  a  tough  consistency  and  breaks  with  a  conchoidal 
fracture. 

Conmdimi  is  an  oxide  of  aluminum  of  a  somewhat  variable  purity 
according  to  the  neighborhood  in  which  it  is  mined;  its  fracture  is 
conchoidal  and  generally  crystalline. 

Carborundum  is  a  silicide  of  carbon  and  is  a  product  of  the  electric 
furnace;  it  breaks  with  a  sharp  crystalline  fracture. 

Alundum  is  an  artificial  product,  being  a  fused  oxide  of  aluminum. 
It  is  of  uniform  quality  with  about  98  per  cent,  of  purity.  It  breaks 
with  a  sharp,  conchoidal  crystalline  fracture  and  has  all  the  tough- 
ness of  emery. 

Grit  and  Bond 

A  GRINDING  wheel  is  made  up  of  the  "grit"  or  cutting  material, 
and  the  bond.  The  cutting  efl&ciency  of  a  wheel  depends  largely  on 
the  grit;  the  grade  of  hardness  depends  principally  on  the  bonding 
material  used.  The  efficiency  in  grinding  a  given  metal  is  dependent 
largely  upon  the  "temper,"  or  resistance  to  fracture,  and,  as  noted 
above,  upon  the  character  of  fracture  of  the  grit  or  cutting  grains  of 
the  wheel. 

The  function  of  the  bond  is  not  only  to  hold  the  cutting  particles 

of  the  wheel  together  and  to  give  the  wheel  the  proper  factor  of  safety 

at  the  speed  it  is  to  be  run,  but  it  must  also  be  possible  to  vary  its 

tensile  strength  to  fit  the  work  it  is  called  upon  to  do.    We  often  hear 

the  operator  say  that  the  wheel  is  too  hard  or  too  soft.    He  means 

that  the  bond  retains  the  cutting  teeth  so  long  that  they  become 

dulled,  and  this  wheel  is  inefficient;  or,  in  the  case  of  a  soft  wheel, 

the  bond  has  not  been  strong  enough  to  hold  the  cutting  teeth  and 

ihey  are  pulled  out  of  the  wheel  before  tYiey  Yiaive  doxvt  \>afc  ^otV 

expected, 
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The  bond  to  be  used  for  a  given  operation  depends  on  the  wheel 
and  work  speeds,  area  of  wheel  in  contact  with  the  work,  vibration  in 
wheel  spindle  or  work,  shape  and  weight  of  work,  and  many  other 
like  variables. 

Wheels  are  bonded  by  what  are  known  as  the  vitrified,  silicate, 
elastic  and  rubber  processes.  No  one  bond  makes  a  superior  wheel 
for  all  purposes;  each  one  has  its  field. 

The  vitrified  bond  is  made  of  fused  days,  is  imchanged  by  heat 
or  cold,  and  can  be  made  in  a  greater  range  of  hardness  than  any 
other  bond.  It  does  not  completely  fill  the  voids  between  the  grains, 
and,  therefore,  a  wheel  bonded  in  this  way  having  more  clearance 
than  any  other,  is  adaptable  for  all  kinds  of  grinding  except  where 
the  wheel  is  not  thick  enough  to  withstand  side  pressure.  This  bond 
has  no  elasticity. 

The  silicate  bond  is  composed  of  clays  fluxed  by  silicate  of  soda  at 
low  temperatures.  It  is  not  as  stable  as  the  vitrified  bond  as  regards 
dampness,  gives  less  clearance  between  grains,  and  has  a  range  of 
hardness  below  that  of  the  vitrified  in  the  harder  grades.  This  bond 
has  no  elasticity  and  will  not  make  a  safe  wheel  of  extreme  thinness. 

The  elastic  bond  is  composed  of  shellac  and  other  gums.  It  com- 
pletely fills  the  voids  of  the  wheel,  has  a  limited  range  of  grades,  has 
a  high  tensile  strength  and  elasticity,  and  can  be  used  for  the  making 
of  very  thin  wheels.  The  rubber  or  vulcanite  bond  has  the  general 
characteristics  of  the  elastic,  but  its  grades  of  hardness  cannot  be 
varied  to  the  same  extent  and  its  uses  are  limited. 

Grain  and  Grade 

Grinding  wheels  are  made  in  various  combinations  of  coarseness 
and  hardness  to  meet  the  variety  of  conditions  under  which  they 
are  used.  The  cutting  material  is  crushed  and  graded  from  coarse 
to  fine  in  many  sizes  designated  by  number.  Thus  the  sizes  of  grain 
used  in  the  Norton  wheels  are  numbered  10,  12,  14,  16,  20,  24,  30, 
36,  46,  50,  60,  70,  80,  90,  100,  120,  150,  180,  200.  Finer  grades 
known  as  flour  are  also  used,  sometimes  these  being  designated  as 
F,  FF,  FFF,  etc.  By  No.  20  grain  is  meant  a  size  that  will  pass 
through  a  grading  sieve  having  20  meshes  to  the  linear  inch. 

The  term  ** grade"  refers  to  the  degree  of  hardness  of  the  wheel  or 
the  resistance  of  the  cutting  particles  under  grinding  pressure.  A 
wheel  from  which  the  cutting  particles  are  easily  broken,  causing  it 
to  wear  rapidly,  is  called  soft,  while  one  which  retains  its  particles 
longer  is  called  hard. 

Minimum  Thickness  of  Wheels 

Tables  1,2,  and  3  by  the  Norton  Company,  show  minimimi  thick- 
ness of  wheels  made  by  the  different  processes.  A  wheel  of  fine  grit 
can  be  made  thinner  than  a  wheel  of  coarse  grit,  and  have  the  same 
factor  of  safety.  The  minimum  thickness  depends  upon  botlL  ^fcs. 
diameter  and  the  coarseness  of  the  grit  used. 

For  example,  a  24-inch  vitrified  w\iee\  oi  "^o.  -s-o  at  ^<i.  ^'^  ^^^sv 
should  not  be  made  thinner  than  2  itvcYies,  vi>M\fc  M  ^  ^-aS^ft.^^-  "^^  ^'^ 
iiner  is  used  it  is  considered  a  safe  wYieeV  at  x  mOa.  \\vvO«^* 
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—  Minimum  Thickness  of  Elastic  Wheels 


Grain 

14  and  16 

IS  and  14 

30  and  36      46  and  60 

,...al.., 

Inches 

Minimum  Thkknos  of  Wheels  in  Inches 

2&  to  30 

I 

16  to  18 

14  to  IS 

i 

i 

A 

A 

7  tog 

A 

i 

S  W6 

i 

3  to*- 
I  toi 

1i 

t 

■s 

A 

s 

Table  2. — Minimum  Thickness  op  Vitrified  Wheels 


Grain 

.oimd,.Mand.6lo»nd„     30 

36    1    4S 

50  to  110 

TSo8ndfin« 

Diameter 

Mh,i...Tbi.i„. 

B  of  Wheel. 

,-,. 

2^  W  36 

24  to  30 

=i 

^) 

■1 

; 

] 

; 

; 

l6  to  iS 

, 

;l 

' 

1 

14  to  IS 

7  Lot) 

> 

TS 

r 

3">4 

A 

" 

than  1  In. 

A 

A 
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Tabi£  3.  — Minimum  Thickness  oe  Sujcate  Wheels 


GlHin 

10,  12,  14. 

»ndi6 

10  and  n 

.. 

3* 

« 

... 

60  to 

Gun 

Wire  Web 

Withh™!"' 

W 

''hm'ti*'^''U!i't'''k''''|'^u?' 

Wi 

h|wi[?j  Without 

Eias 

Miniiniini  Thickn«5  of  Wl.«l  ia 

nc 

B 

44t0  4S 
3St0  4I 
3ltoj6 

16  to  .8 

;! 

I 
1 

=  J        ! 
'1 

3l             2 

! 

i 
I 

I 
i 

Qrading  of  Wheels 

Op  the  many  firms  engaged  in  the  manufacture  of  grinding  wheels 
there  ate  probably  no  two  which  have  a  similar  method  of  grading 
or  designating  the  hardness  ot  their  wheeels.  The  Norton  Company, 
which  is  probably  the  oldest  in  the  field,  uses  the  letter  method,  which 
may  be  said  to  be  the  simplest.  That  is.  they  take  M  for  theii  me- 
dimn-hard  wheel  and  the  letters  before  M  denote  in  regular  alphabet- 
ical progression  the  progressively  softer  wheels.  Moreover  they  use 
a  +  mark  for  denotmg  wheds  which  vary  in  temper  from  the  stand- 
ards. Thus  a  wheel  may  be  harder  than  the  standard  K,  and  still 
be  not  so  hard  as  the  standard  L;  in  this  ease  it  is  known  as  K  -{-. 
The .  Carborundum  Company  adopts  a  somewhat  similar  method 
of  grading,  the  difference  being  that  although  M  denotes  its  medium- 
hard  wheel  the  letters  before  M  denote  the  ptogressii'ely  harder 
grades.  Various  other  American  companies  use  the  letter  method 
of  grading  to  some  extent,  but  all  have  individual  ideas  as  to  what 
degree  of  hardness  should  constitute  an  M  or  medium-grade  wheel. 
Tmu  there  are  firms  both  in  America  and  on  the  co^VimtW.  q\'^»s<3i^ 
which  discard  the  letter  method  ot  gtadvtift  or  Ase  >jKe\V\xi.  •^■k^nis.k^ 
thn  with  numbers  or  fractions  oi  num\«ts  suAi  »s>  '^^-i  t-^^-  ^^ 
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The  selection  of  suitable  wheels  for  machine  grinding  may  be  said 
to  be  governed  by  the  following  points,  namely,  the  texture  of  the 
material  to  be  ground,  the  arc  of  wheel  contact  with  work  and  the 
quality  of  finish  required.  The  first  and  last  of  these  points  can  for 
convenience'  sake  be  taken  in  conjunction.  The  quality  of  surface 
finish  is  dependent  on  the  condition  of  the  wheel  face  and  depth  of 
cut  rather  than  on  the  fineness  of  the  grit  in  the  wheel.  A  wheel 
of  so  fine  a  grit  as  loo  will  give  an  indifferent  finish  if  it  is  not  turned 
true  and  smooth. 

It  may  be  assumed  that  for  all  general  purposes  the  aim  in  view 
is  to  procure  a  wheel  which  will  fulfil  two  conditions,  that  is,  that  it 
shall  first  remove  stock  rapidly  and  at  the  same  time  give  a  decent 
finish.  Wheels  made  from  a  combination  of  grit  of  different  sizes 
are  the  best  for  this  purpose,  as  may  be  seen  from  the  following 
explanation.  Coarse  wheels  of  an  even  number  of  grit  will  remove 
stock  faster  than  will  fine  wheels  of  an  even  number,  because  their 
depth  of  cut  or  penetration  is  greater.  They,  however,  fail  in  giving 
a  high  surface  finish  except  in  grinding  very  hard  material,  because 
they  are  not  compact  enough. 

The  Combination  Grit  Wheel 

With  the  combination  wheel  the  conditions  are  different  and  it 
seems  better  at  removing  stock  than  does  the  coarse,  even  grit  wheel. 
It  may  be  safe  to  assume  from  this  that  something  of  a  grindstone 
action  takes  place,  that  is,  that  the  finer  particles  of  grit  become 
detached  from  the  bond  and  both  roll  and  cut  in  their  imprisoned 
condition  between  the  larger  particles.  For  finishing  purposes  this 
wheel  has  all  the  compactness  and  smooth  face  of  a  wheel  which 
was  made  solely  from  its  finest  number  of  grit;  and  for  roughing, 
it  enables  a  depth  of  cut  to  be  got  which  is  within  the  capacity  of 
its  largest  kernels. 

With  regard  to  the  texture  or  hardness  of  material  ground  it  may 
be  taken  as  a  general  rule  that  the  harder  the  material  is,  the  softer 
the  bond  of  wheel  should  be,  and  that  cast  iron  and  hardened  steel 
bear  some  relation  to  each  other  as  far  as  grinding  wheels  are  con- 
cerned, for  the  same  wheel  is  usually  suitable  for  both  materials. 

Too  large  an  assortment  of  wheels  is  likely  to  lead  to  confusion 
and  we  may  take  the  Norton  plain  cylindrical  grinding  machine  as 
being  a  case  in  point  of  a  limited  assortment  of  wheels;  at  the  same 
time  it  will  be  a  starting  point  to  illustrate  choice  of  wheels  under 
various  grinding  conditions.  In  this  machine  four  dififerent  grade 
wheels,  all  of  24  combination  grit,  are  found  sufficient  for  all  classes 
of  material^  that  it  is  ordinarily  required  to  grind.  These  include 
high-  and  low-carbon  steels,  cast  iron,  chilled  iron,  and  bronze  or 
composition  metals.     These  wheels  are  graded  J,  K,  L,  and  M. 

Hard  Wheels 

Ojv:e:  of  the  greatest  advantages  accruing  from  grinding  is  that  it 

ores  the  non- homogeneity  of  material  and  thai  Vx.  TcvaucYvvtv^s  v^oxV 

f  the  lightest  known  method  of  tool  pressure,  l\vus  a\o\<\\T\^  ^\\ 

^tjons  and  distortions  of  material  which  are  a  iva.\.\\Ta\  xe^AiW.  oi 
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the  more  severe  machining  processes.  Yet  these  objects  are  too 
often  defeated  by  the  desire  for  hard  and  long-lived  wheels.  A  wheel 
that  is  too  hard  or  whose  bond  will  not  crumble  sufficiently  under 
the  pressure  of  cut  will  displace  the  work  and  give  rise  to  many 
unforeseen  troubles.  It  is  also  a  prolific  cause  of  vibration  which 
is  antagonistic  to  good  and  accurate  work.  The  advantage  claimed 
for  it,  that  it  gives  a  better  surface  finish,  is  a  deceptive  one,  for  it 
mostly  obtains  this  finish  at  the  expense  of  accuracy.  Quality  of 
finish,  that  is,  accurate  finish,  is  merely  a  question  of  arranging  of 
work  speed,  condition  of  wheel  face  and  depth  of  cut.  In  the  ma- 
chine mentioned  the  suitability  of  wheels  to  materials  and  conditions 
is  found  to  be  as  follows,  the  wheels  being  in  each  case  of  a  combi- 
nation of  alundum  grit: 
For  hard  chilled  iron  and  large  diameters  of  cast  iron  and 

hardened  steel    24  J 

For  medium  chilled  iron  and  medium  diameters  of  cast  iron 

and  hardened  steel  and  bronze 24  K 

For  all  grades  of  steel  which  are  not  hardened  and  for  bronze     24  L 
For  very  low  carbon  machine  steels 24  M 

The  table  given  may,  speaking  generally,  be  what  would  be  chosen 
in  the  way  of  wheels  for  the  materials  given,  and  in  actual  practice 
they  soon  give  evidence  as  to  whether  they  are  suitable.  It  may  be 
gathered  from  the  table  that  diameter  of  work  is  a  factor  in  the  choice 
of  a  wheel.  This  refers  to  area  of  wheel  contact  and  is  governed 
by  what  is  shown  in  the  table  when  broad  differences  of  diameter 
occur;  for  instance,  it  might  be  necessary  to  use  the  K  wheel  for  a 
large  diameter  of  high  carbon  steel  if  the  L  wheel  was  evidently  too 
hanl. 

Speed  and  Efficient  Cutting 

The  efficient  cutting  of  a  wheel  depends  very  much  on  the  speed 
of  the  work,  and  an  absence  of  knowledge  in  this  respect  may  often 
lead  to  a  suitable  wheel's  rejection.  Revolving  the  wheel  at  the 
speed  recommended  by  the  maker  is  the  first  necessity,  and  if  it  is 
found  unsuitable  after  experimenting  with  various  speeds  it  should 
be  changed  for  a  softer  or  harder  one  as  the  conditions  indicate. 
Starting  from  the  point  that  a  wheel  is  desired  that  shall  remove 
the  maximum  amount  of  stock  with  the  minimum  amount  of  wear 
on  the  wheel,  the  indications  and  method  of  procedure  may  be  as 
follows;  only  it  must  be  understood  that  this  refers  to  cases  where 
an  ample  supply  of  water  is  being  delivered  at  the  grinding  point. 

If,  aiter  trying  all  reasonable  work  speeds,  a  wheel  should  bum  the 
work,  or  refuse  to  cut  without  excessive  pressure,  or  persistently 
glaze  the  surface  of  the  work,  it  is  too  hard  for  that  particular  work 
and  niaterial  and  may  be  safely  rejected.     If,  after  trying  all  reason- 
ably reduced  work  speeds,  a  wheel  should  lose  its  size  quickly  and 
show  all  signs  of  rapid  wear,  it  is  too  soft  for  that  particular  work  aad 
material  and  may  be  rejected.    These  mdVeaAXotv?*  T^\e^  \»  "sJ^  q.\^- 
nary  cases  and  it  may  he  gathered  thai  l\ve  tcvo^I  e-coxvcvtocvsi^  n^V^'^ 
Is  that  which  acts  in  such  a  manner  as  lo  be  a.  me^\>\m  \^^\nn^^^  v^^ 
two  cases.     There  is  still  another  point  lo  beax  m  tcvVcv^  V\\^  ^^%^^ 
to  the  size  of  the  grit  in  the  wheel,  but  V7b\e\v  leiex';.  moxe  ^"^^^^ 
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to  very  hani  materiab  such  as  chilled  iron.  Either  a  coaise  or  com- 
bination wheel  may  go  on  cutting  efficienlly  in  roughing  cuts  because 
pressure  is  eicrted,  but  may  begin  to  glaze  when  this  pressure  is 
much  relieved  as  in  finishing  cuts.  A  careful  microscopic  scrutiny 
of  a  wheel  that  displays  this  tendency  would  seem  ta  lead  to  the  fot- 
lowing    assumption: 

When  a  WhMl  is  Shwp 

The  wheel  face  when  newly  trued  with  the  diamond  tool,  whfch 
is  necessaiy  to  obtain  an  accurate  finish,  shows  a  promiscuous  ar- 
rangement of  particles,  some  o£  which  present  points  and  others 
present  a  broader  face  with  a  rough  and  granular  surface.  When 
the  wheel  is  presented  to  the  hard  surface  of  the  work  the  high  points 
of  this  granular  face  and  the  sharp  contour  of  the  kernels  will  go  on 
cutting  until  they  are  dulled  and  worn  down,  after  which  their  face 


area  is  too  great  to  enter  the  surface  without  undue  pressure.  When 
the  wheel  has  reached  this  condition  the  microscope  shows  these 
broader-faced  kernels  polished  to  a  metallic  luster,  which  bears  out 
the  explanation  tendered  and  also  makes  (he  remedy  quite  appar- 
ent. This  is  to  use  a  wheel  of  very  fine  grit  for  finishing  purposes 
in  these  cases  or  else  keep  the  coarser  wheel  in  condition  by  repeated 
dressings  with  the  diamond  tool. 

Wheel  Contact 

Reference  to  Figs,  i  to  4  will  show  what  actual  practice  requires 
in  the  choice  of  a  wheel  so  far  as  the  question  of  wheel  contact  is 
A  wheel  is  shown  in  contact  with  four  different  vari- 
tfc,  all  of  which  we  will  suppose  to  be  of  the  same  mate- 
pth  of  cut,  much  exaggerated,  being  the  same  in  each  case, 
case  it  is  a  shaft  of  small  diameter,  and  the  wheel  contact 
smallest  the  harder  grade  of  wheel  would  be  suitable,  com- 
■  ^leaking.     Assuming  that  this  wVveeV  was  iound  to  be 
J  would  probably  require  a  softer  w\iee\  ior  ftic  nert  ca°e,   . 
a  shaft  of  larger  diameter,  and  tbc  w^veeV  coTiVac^  ^to^ot- 
rreater.     To  continue  the  comparison B^.iftlurtheT,^.'toe^^a^rt 
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case  shows  the  wheel  engaged  in  grinding  a  flat  surface,  and  the 
fourth  is  a  wheel  grinding  internally.  In  each  case  practice  demands 
that  the  wheel  shall  be  progressively  softer  in  bond  or  grade  and  is 
some  proof  of  a  consistency  in  the  action  of  grinding  wheels. 

The  Contact  Area  of  a  Wheel 

The  most  probable  explanation  of  this  may  be  that  as  the  contact 
area  increases  more  work  is  required  from  each  individual  kernel  of 
grit  and  it  the  sooner  becomes  dulled;  this  requires  that  the  bond 
must  be  more  friable  both  to  allow  it  to  escape  easily  and  to  minimize 
the  pressure  required  to  make  the  wheel  cut  as  the  cutting  area 
becomes  greater.  Following  on  this  reasoning  we  are  able  to  choose 
a  list  of  wheels  which  would  be  suitable  for  almost  all  purposes,  and 
which  would  be  as  follows  if  of  Norton  grade: 

For  plain  cylindrical  grinding 

J  K  LM 
For  grinding  plane  surfaces 

H  I  J  K 
For  internal  grinding 

F  H  I  J 

This  collection  of  wheels  would  be  suitable  for  almost  any  type 
of  grinding  machines,  though  when  the  wheels  are  exceptionally  nar- 
row a  grade  or  one-half  grade  higher  might  be  possible;  it  would, 
of  course,  be  a  matter  for  a  little  trial  and  experiment.  The  wheels 
for  external  cylindrical  work  may  preferably  be  combination  wheels, 
but  for  plane  surface  and  internal  work  they  are  better  made  of 
single  grit,  about  36  or  46.  The  great  contact  area  of  wheel  in  these 
two  classes  of  work  is  liable  to  generate  much  heat  so  that  an  open 
and  porous  wheel  is  preferable. 

Wheel  Pressure  and  Wear 

As  the  wheel  is  a  disk  built  up  from  a  numerous  assortment  of 
minute  cutting  tools  which  are  held  in  position  by  a  more  or  less 
friable  bond,  in  using  it  we  must  bring  it  to  bear  on  the  work  with 
a  pressure  that  shall  not  be  so  great  as  to  tear  these  minute  tools 
from  their  setting  until  their  cutting  efficiency  is  exhausted,  for  if  we 
do  so  we  are  wasting  the  wheel.     To  gage  the  exact  amount  of  the 
pressure  required  is  a  matter  of  judgment  and  experience,  though 
where  automatic  feeds  are  provided  on  a  machine  the  right  amount 
of  pressure  or  feed  is  soon  determined.     It  will  also  be  readily  under- 
stood that  a  regular  automatic  feed  is  more  reliable  for  the  purpose 
than  a  possibly  erratic  hand  one.     The  automatic  feed  may  be  set 
to  give  a  certain  depth  of  cut  at  each  pass  of  the  wheel,  and  its  amount 
of  wear  noted;  if  this  wear  be  found  excessive  the  depth  of  cut  may 
be  reduced.     It  must  not  be  here  forgotten  that  work  speed  also 
enters  into  this  consideration  and  that  a  high  work  ?»^^^d  ^>JJv  \3ecA. 
to  wear  the  wheel  excessively;  inverseVy  a  icdwc^^  -^wotV  's^^e.^  ^^ 
reduce  the  amount  of  wear.     Having  lYvese  pom\s»  vcv  tcvycv^  nNnsi.  x>sgp^- 
combination  of  depth  of  cut  and  work  speed  \^  ?ootv  ^tyvn^^  ^^>  ''^ 
an  approximate  judgment  attained  £ot  lYve  iutvxxe. 
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Grinding  Allowances 

The  amount  of  stock  left  for  removal  by  the  grinding  wheel  and 
the  method  of  preparing  the  work  have  both  much  bearing  on  the 
economic  use  of  grinding  wheels,  and  heavy  and  unnoticed  losses 
pften  occur  through  want  of  a  few  precautionary  measures.  The 
necessary  amount  of  stock  to  leave  on  a  piece  of  work  as  a  grinding 
allowance  depends  firstly*  on  the  type  of  machine  employed,  the  class 
of  labor  engaged  in  preparing  it,  and  whether  it  has  to  be  hardened 
or  otherwise. 

In  powerful  machines,  which  will  remove  stock  rapidly,  the  grind- 
ing allowance  may  be  anything  up  to  -^^^  inch.  There  are  many 
cases  of  an  especial  character  when  the  grinding  allowance  stated 
may  be  exceeded  to  advantage  so  long  as  discretion  is  used.  Straight 
shafts  may  often  be  ground  direct  from  the  black  bar  of  raw  material 
-^  inch  above  finished  size,  or  when  shafts  of  this  character  must 
have  large  reduction  on  the  ends  they  can  be  roughly  reduced  in  the 
turret  lathe  while  in  their  black  state  and  finished  outright  more 
economically  in  the  grinding  machine.  Very  hard  qualities  of  steels 
or  chilled  rolls  are  other  cases  where  it  is  often  more  economical  to 
use  the  grinding  machine  without  any  previous  machining  process, 
and  though  there  may  be  sometimes  an  alarming  waste  of  abrasive 
material  its  cost  is  as  nothing  compared  with  other  savings  that  are  ' 
made. 

Grinding  allowances  for  hardened  work  are  usually  larger  than 
for  soft  work,  to  allow  for  possible  distortion;  so  that  individual 
experience  alone  can  determine  the  amount  to  be  left.  It  is  suffi- 
cient to  say  that  the  allowances  on  case-hardened  or  carbonized  work 
should  not  be  excessive;  otherwise  the  hardened  surface  may  be 
ground  away. 

Grinding  Hardened  Work 

As  far  as  the  actual  grinding  of  hardened  work  goes,  it  is  indis- 

Eensable  that  the  whole  portion  of  a  piece  that  is  to  be  ground  should 
e  roughed  over  previous  to  the  final  finishing;  if  it  is  at  all  possible 
to  allow  some  little  time  to  elapse  between  the  two  operations  so 
much  the  better,  more  especially  if  it  has  bent  in  hardening  and  been 
afterward  straightened;  this  will  allow  of  the  development  of  any 
strain  that  may  be  present.  Both  for  special  and  standard  work  in 
a  factory  a  table  of  grinding  allowances  can  be  compiled  as  a  result 
of  experience  and  posted  in  a  conspicuous  position.  If  this  be  done 
and  trouble  taken  to  see  that  it  is  adhered  to,  it  will  save  much  trouble 
and  be  a  means  of  avoiding  much  unnecessary  expense. 

It  is  necessary  to  slightly  undercut  the  corners  of  shoulders  so 
as  to  preserve  the  comer  of  the  grinder's  wheel  intact.     A  piece  of 
work  should  never  be  prepared  in  such  a  manner  as  to  form  a  radius 
on  the  comer  of  the  wheel,  for  to  get  the  wheel  face  flat  again  means 
much  waste  of  wheel  and  wear  of  diamond.     Where  fillets  or  radii 
are  necessary  they  are  better  got  out  with  a  tool,  for  even  if  they 
a/ie  to  be  ground  they  must  be  turned  good  lo  aillow  the  wheel  to 
'onform  to  their  shape.     The  only  excusab\e  reasoiv  lox  ^xm^Vcv^  ^ 
uncf  corner  Is  when  the  work  is  hardened  or  \u  s.ome  ?>^tc\^\  c^'Sfc 
'^ne  the  expense  incurred  is  warranted. 
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Table  4  shows  the  practice  of  the  Landb  Tool  Company,  in  refer- 
ence to  grinding  allowances.  This  table  covers  work  up  to  11  inches 
diameter,  and  lengths  to  48  inches. 

Table  4.  —  Allowances  for  Grinding 
(Landis  Tool  Co.) 
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OTHER   GRINDING  ALLOWANCES 

Table  5  gives  the  allowances  of  the  Brown  &  Sharpe  Mfg.  Co.  in 
rough  turning  work  for  the  grinding  department.  Limit  gages  of  the 
form  shown  are  used,  the  dimensions  in  the  table  covering  work  up 
to  2  inches  diameter. 


Table  5.  —  Limit  Gage  Sizes  for  Lathe 

Work  which  is  to  be  Finished 

BY  Grinding 

(Brown  &  Sharpe  Mfg.  Co.) 


Size 

Not  go  on 

Go  on 

Size 

Not  go  on 

Go  on 

Size 

Not  go  on 

Go  on 

Inches 

Inches 

Inches 

f 

1 

0.383 

0.387 

U 

0.94S5 

0.9495 

I* 

1.508 

1. 512 

A 

0.44SS 

0.4405 

I 

0.008 

I.OI2 

lA 

1.5705 

I-574S 

i 

0.508 

0.512 

'* 

1.0705 

1. 074s 

If 

1.633 

1.637 

1 

0.5705 

0.574s 

li 

1.133 

1.137 

^y 

1.6955 

1.699s 

0.633 

0.637 

lA 

II9S5 

1. 1995 

1* 

1.758 

1.762 

H 

0.6955 

0.6995 

li 

1.258 

1.262 

iH 

1.8205 

1.8245 

1 

0.758 

0.762 

'4 

1.3205 

13245 

li 

1.883 

1.8875 

n 

0.8205 

0.8245 

If 

1383 

1.387 

i*« 

1-9455 

1.949 

i 

0.883 

0.887 

lA 

I.44S5 

1.4495 

2 

2.008 

2.012 

Use  of  Water 

Water  should  be  applied  at  the  right  spot.  This  spot  must  be 
right  at  the  grinding  point,  whether  it  be  internal,  external,  or  plane- 
surface  work,  and  must  be  delivered  with  sujQ5cient  force  to  keep 
the  wheel  face  clean.  •  If  this  is  not  done  there  is  a  kind  of  mud 
accumulated  at  the  grinding  point,  which  causes  glazing.  Water  is, 
or  should  be,  used  in  grinding  process  not  as  a  means  of  quenching 
heat  but  rather  to  prevent  its  creation  and  radiation,  and  so  the 
actual  grinding  point  is  the  best  place  to  apply  it. 

It  is  a  necessary  means  of  keeping  the  work  at  an  equable  tem- 
perature so  as  to  obviate  distortion  and  to  make  the  matter  of  tak- 
ing dimensions  an  actuality  rather  than  a  guessing  matter.  This 
applies  equally  to  all  kinds  of  grinding. 

The  Use  of  Diamonds 

Here  it  is  perhaps  well  to  give  the  question  of  diamonds  some  little 
consideration  as  they  are  sometimes  a  very  expensive  item.     A  dia- 
mond is  a  very  essential  part  of  a  grinding  machine's  equipment,  for 
in  Its  absence  a  good  and  highly  finished  grade  of  work  is  an  impos- 
sibillty.     It  is  perhaps  unnecessary  to  state  t\iat  V^iev  ^o>A^  \i^  \.\a 
mrfest  rough  stones  procurable,  and  that  t\ie  \a.T?,et  Wev  ^^^  >iJfta 
Reaper  they  are  in  the  end.     With  regard  to  tYidt  sXz.^*.  T^J^'&X^ia 
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known  proportionate  element  in  their  piiix  ^  carat,  but  a  large 
stone  aJlows  of  a  more  secure  hold  in  its  setting  and  so  the  danger 
of  losing  it  is  reduced.  As  a  further  precaution  against  this  danger 
the  diamond  tool  should  always  be  held  by  mechanical  means  when 
usil^  it  excqit  in  cases  which  are  unavoidable;  this  may  be  in  cases 
where  profile  shapes  have  to  be  turned  on  the  wheel  face.  An 
attempt  to  turn  by  band  a  perfectly  flat  face  on  a  wheel,  which  is 
necessary  for  finishing,  must  of  a  neces^ty  end  in  failure. 

As  a  means  of  preservation  of  the  diamond  a  full  stream  of  water 
should  be  run  on  it  when  in  use  and  many  light  chips  are  preferable 
to  a  few  heavy  ones.  The  main  thing  is  to  watch  that  it  does  not 
get  unduly  heated,  for  this  is  disastrous  to  it.  Where  large  quanti- 
ties of  material  have  to  be  removed  from  a  wheel  the  ordinary  wheel 
dresser  may  be  employed  to  reduce  the  bulk  of  the  stock,  and  the 
diamond  only  used  for  finishing  to  ^lape. 

Setting  the  Diamonds 
DiAUONDS  may  be  obtained  ready  fixed  in  siaitable  holders  or  the 
rough  stones  may  be  bought  and  set  by  any  competent  toolmaker. 
The  illustrations  show  various  methods  by  which  they  may  be  held 
securely  and  require  but  httle  explanation  First  Fig  5  is  the 
method  roost  coraraonlv  used  the  diamond  being  either  peened  or 
brazed  in  position  One  disadvantage  of  this  method  is  that  the 
diamond  is  apt  to  break  with  a  chance  blow  of  the  peening  chisel 
or  the  heat  from  bracing  will  sometimes  cause  fractures  neither  is 
It  so  easily  reset  nhen  its  pomt  becomes  dulled  as  are  the  other 
methods  ^own  (ig  6  requires  no  explanation  except  that  it  is 
advisable  to  pack  the  diamond  with  shredded  asbestos  fiber  to  act 
as  a  cushion    this  method  allows  of  quick  resetting     Fig  7  o 


rti 


rro.  5  Fio.  6  fig.  7 

Methods  of  Setting  Diamonds 

of  a  small  steel  cap  tapped  out  to  fit  the  stock  as  shown.  Enough 
shredded  asbestos  fiber  is  inserted  between  the  diamond  and  stock 
to  hold  it  firmly  in  position.  This  method  also  allows  of  quick  and 
safe  resetting.  The  fourth  method,  Fig.  8,  is  cn-jettsi 'o-j  yi.\s.-av 
rights  and  its  advantage  can  be  seen  at  a  ^ante\  sis,  "Cofc  Sssuwaa^ 
ireais,  the  small  peg  containing  it  can  be  tevoXveA  wi  ^Cwt  *.<ic»-  ■«> 
present  a  new  cutting  edge  and  be  ao  cUmpwi  m  v^^^**^ 
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Speed  Tables,  Rules  for  Surface  Speeds,  etc. 

The  table  below  gives  the  number  of  revolutions  per  minute  at 
which  grinding  wheek  of  diameters  ranging  from  i  to  60  inches  must 
be  operated  to  seciure  peripheral  velocities  of  4000,  5000,  5500  and 
6000  feet  per  minute.  Ordinarily  a  speed  of  5000  feet  per  minute 
is  employed,  though  sometimes  the  speed  is  somewhat  lower  or 
higher  for  certain  cases. 

Grinding  Wheel  Speeds 


Diameter 
Wheel 

Rev.  per  Minute  Rev.  per  Minute 

Rev.  per  Minute 

Rev.  per  Minute 

for  Surface  Speed  for  Surface  Speed 

for  Surface  Speed 

for  Surface  Speed 

of  4000  ft. 

of  5000  ft. 

of  5500  ft. 

of  6000  ft. 

I  Inch 

15.279 

19,099 

21,000 

22,918 

2  Inches 

7,639 

9,549 

10,500 

11,459 

3  Inches 

5.093 

6,366 

7,350 

7,639 

4  Inches 

3,820 

4,775 

5,250 

5,730 

5  Inches 

3.056 

3,820 

4,200 

4.584 

6  Inches 

2,546 

3,183 

3.500 

3.820 

7  Inches 

2,183 

2,728 

3,000 

3,274 

8  Inches 

1,910 

2.387 

2,600 

2,865 

10  Inches 

1.528 

1,910 

2,100 

2,292 

12  Inches 

1,273 

1,592 

1,750 

1,910 

Id  Inches 
16  Inches 

1,091 

1,364 

1,500 

1,637 

955 

1,194 

1,300 

1.432 

18  Inches 

849 

1,061 

1,150 

1.273 

20  Inches 

764 

955 

1,050 

1,146 

22  Inches 

694 

868 

950 

1,042 

24  Inches 

637 

976 

875 

955 

26  Inches 

586 

733 

800 

879 

28  Inches 

546 

683 

750 

819 

30  Inches 

509 

637 

700 

764 

32  Inches 

477 

596 

650 

716 

34  Inches 

449 

561 

620 

674 

36  Inches 

424 

531 

580 

637 

38  Inches 

402 

503 

550 

603 

40  Inches 

382 

478 

525 

573 

42  Inches 

364 

455 

Soo 

546 

44  Inches 

347 

434 

475 

521 

46  Inches 

332 

41S 

455 

498 

48  Inches 

318 

397 

440 

477 

SO  Inches 

306 

3S3 

420 

459 

52  Inches 

294 

369 

405 

441 

54  Inches 

283 

354 

390 

42s 

56  Inches 

• 

273 

341 

375 

410 

58  Inches 

264 

330 

360 

396 

60  Inches 

25s 

319 

350 

383 

The  exact  speed  at  which  any  specified  wheel  should  be  run  depends 
upon  several  conditions,  such  as  the  type  of  machine,  character  of 
-"ork  and  wheel,  quality  of  finish  desired  and  various  other  factors 
fred  to  at  other  places  in  this  book.  WheeVs  ate  oidmaxvVy  yuiv  in 
f/ce  from  about  4000  to  6000  feet  per  mmute,  \.\vom^  \tv  ?»tcva 
a  speed  as  high  as  7500  feet  has  been  empVoyeA.     Xiv  a.veT;\.%^ 
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speed  recommended  by  most  wheel  makers  is  5000  feet.  To  allow 
an  ample  margin  of  safety  it  is  recommended  that  wheel  speeds 
should  not  exceed  6000  feet  per  minute. 

The  table  of  circumferences  below  will  be  of  service  in  connection 
with  the  finding  of  surface  speeds  and  spindle  revolutions  per  minute. 

Circumferences  of  Grinding  Wheels 


Diameter 

Circumference 

Diameter 

Circumference 

Diameter 

Circumference 

of  Wheel 

of  Wheel  in 

of  Wheel 

of  Wheel  in 

of  Wheel 

of  Wheel  m 

in  Inches 

Feet 

in  Inches 

I'eet 

in  Inches 

Feet 

z 

.262 

25 

6.546 

49 

12.838 

2 

•524 

26 

6.807 

50 

13.090 

3 

.78s 

27 

7.069 

51 

13.352 

4 

1.047 

28 

7.330 

52 

13.613 

5 

1.309 

29 

7-592 

53 

13.875 

6 

I.S7I 

30 

7-854 

54 

14-137 

7 

1833 

31 

8.n6 

55 

14.499 

8 

2.094 

32 

8.377 

56 

14.661 

9 

2.356 

33 

8.639 

57 

14-923 

10 

2.618 

34 

8.901 

58 

15-184 

II 

2.880 

35 

9.163 

59 

15.446 

12 

3.142 

36 

9425 

60 

15.708 

13 

3.403 

»37 

9.687 

61 

15.970 

14 

3.66s 

38 

9-948 

62 

16.232 

IS 

3927 

39     . 

I0.2I0 

63 

16.493 

16 

4.189 

40 

10.472 

64 

16.755 

17 

4451 

41 

10.734 

65 

17-017 

18 

4.712 

42 

10.996 

66 

17.279 

19 

4-974 

43 

11.257 

67 

17-541 

20 

S.236 

44 

11.519 

68 

17.802 

21 

S.498 

45 

11.781 

69 

18.064 

22 

S.760 

46 

12.043 

70 

18.326 

23 

6.021 

47 

1 2.30s 

71 

18.S88 

24 

6.283 

48 

12.S66, 

72 

18.850 

Thus,  to  find  the  surface  speed  of  a  wheel  in  feet  per  minute: 
Rule.  —  Multiply  the  circimiference  as  obtained  from  the  table, 
by  the  number  of  revolutions  per  minute. 

Example.  —  A  wheel  18  inches  diameter  makes  1060  revolutions 
per  minute.    What  is  the  surface  speed,  in  feet,  per  minute? 

4.712  X  1060  =  5000  feet  surface  speed. 

When  the  surface  speed  and  wheel  diameter  are  given,  to  find  the 
number  of  revolutions  of  the  wheel  spindle: 

Rule.  —  Divide  the  surface  speed  in  feet  per  minute  by  the  cir- 
cumference. 

Example.  —  A  wheel  24  inches  diameter  is  to  be  run  at  6000  feet 
surface  speed  per  minute.    How  many  revo\v\V\ow5»  '^oivM.  \^«^  ^^^^^3^ 
make? 

6000  -h  6.283  =  9^2,  number  of  revolutions  v^x  tsvvcvwX.^  \^!v&  ^^^stJa^ 
should  make. 
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GRADING  ABRASIVE  WHEELS 

The  Norton  Company  uses  26  grade  marks,  the  Carborundum 
Company  19,  while  the  Safety  Emery  Wheel  Company  uses  40.  The 
following  table  is  a  comparison  between  the  grade  designations  of  the 
Norton  Company  and  the  Carborundum  Company.  Intermediate 
letters  between  the  grade  designations  indicate  relative  degrees  of 
hardness  between  them;  the  Norton  Company  manufacturing  four 
degrees  of  each  designation,  while  the  Carborundum  Company  man- 
ufactures three. 


Norton  Co. 

Grade  Designation 

Gu-borundum  Co. 

A... 

Extremely  or 
Very  Soft 

Soft 

Medium  Soft 

Medium 

Medium  Hard 

Hard 

Extremely  or 
Very  Hard 

V 

B 

u 

C 

T 

D 

E 

F 

S 

R 

G 

0 

H 

>c 

I.. 

♦ p 

J 

0 

J 

K 

L 

N 

M    ... 
N 

M 

L 

0 

P   

K 

Q 

T 

^c 

R 

J 

I 

S    

H 

T 

U  .... 

G 

F 

W    

E 

X 

Y 

D 

Z   

The  Safety  Emery  Wheel  Company's  grade  list  is  an  arbitrary  one 
with  the  following  designations: 


C.  Extra  Soft 
A.  Soft 

J^.  Medium 
O.  Hard 
-£*.  Extra  Hard 


H.  Very  Soft 
M.  Medium  Soft 

I.  Medium.  HaxA 

N.  Very  Haxd 

D.  Specia\  E.xUa  Ha-xd 


GRINDING  WHEELS  AND  GRINDING 


223 


Intermediate  figures  between  those  designated  as  soft,  medium 
soft,  etc.,  indicate  so  many  degrees  harder  or  softer,  e.g.,  AJ  is  one 
degree,  harder  than  soft.  A|  is  three  degrees  harder  than  soft  or 
one  degree  softer  than  medium  soft. 


Numbers  and  Grades  of  Abrasive  Wheels 

In  the  following  table  for  the  selection  'of  grades  will  be  found  a 
comparison  of  the  grading  used  by  the  Norton  Company,  and  that 
of  the  Carborundum  Company: 


Class  of  Work 


Laige  Cast  Iron  and  Steel  Castings 
Small  Cast  Iron  and  Steel  Castings 
Laige  Malleable. Iron  Castings  . . 
Small  Malleable  Iron  Castings  . . 

Chilled  Iron  Castings 

Wrought  Iron 

Brass  Castings 

Bronze  Castings 

Rough  Work  in  General 

General  Machine  Shop  Use 

Lathe  and  Planer  Tools 

Small  Tools 

Wood-working  Tools 

Twist  Drills  (Hand  Grinding) . . . 
Twist  Drills  (Special  Machines) . 
Reamers,  Taps,-  Milling  Cutters, 

etc.  (Hand  Grind) 

Reamers,  Taps,  Milling  Cutters, 

etc.  (Spec.  Mach.) 

Edging  and  Jointing  Agricultural 

Implements 

Grinding  Plow  Points 

Surfacing  Plow  Bodies    

Stove  Mounting 

Finishing  Edges  of  Stoves 

Drop  Forgings 

Gumming  and  Sharpening  Saws . 
Planing  Mill  and  Paper  Cutting 

Knives 

Car  Wheel  Grinding 


Norton  O). 


Number 

Usually 

Furnished 


16  to 
20  to 
16  to 
20  to 
16  to 
16  to 
16  to 
16  to 
16  to 
30  to 
30  to 
36  to 
36  to 
36  to 
46  to 


Grade 

Usually 

Furnished 


20 

30 
20 

30 
20 

30 
30 
30 
30 
46 
46 
100 
60 
60 
60 


46 to  100 
46  to   60 


Q 
p 

Q 
p 

Q 
p 

o 

p 

p 

o 

N 
N 
M 
M 
K 


toR 
toQ 
toR 
toQ 
toR 
toQ 
toP 
toQ 
toQ 
toP 
toO 
toP 
toN 
toN 
toM 


NtoP 
HtoK 


Carborundum  G>. 


Number 

Usually 

Furnished 


16  to  24 
20 to 30 
16  to  24 
20 to 30 
16  to  24 
16  to  24 
20  to  36 
20  to  30 

20  to  30 

24  to  36 
30  to  36 
50  to  80 
40  to  60 

60 
50 

50  to  80 
50  to  6o 


Grade 

Usually 

Furnished 


16  to  30  Q  to  R  141  to  24  G  to  I 

T6to  30  P  to  Q     20  to  24      H 

20  to  30  N  to  O     16  to  20      G 

20  to  36  P  to  Q     24  to  30      G 

30  to  46  O  to  P     24  to  30       G 

20  to  30  P  to  Q     24  to  36  Qtol 

36  to  60  M  to  N  403—603    J  to  L 


GtoH 
GtoH 
GtoH 
Htol 

H 

FtoH 

Htol 

I 

H 

Gto  J 

I  to  J 

I  to  J 

LtoM 

I  to  J 

LtoO 

KtoN 

LtoM 


30  to 
20  to 
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THE  SHAPES  OF  WHEELS 
Although  grinding  wheels  are  manufat-tuted  in  a  great  variety  ot 
shapes  and  sizes,  there  are  a  few  general  forms  into  which  they  may 
be  grouped.  Practically  all  ot  the  hundreds  of  commonly  used  shapes 
made  for  the  various  types  of  grinding  machines  and  for  the  different 
kinds  of  work  come  under  some  one  of  these  classifications,  the 
moat  common  ot  which  mav  he  designated  as    disk        cup      '  cyhn- 
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der  and  sauLcr  wheLli  Thtse  ihape  dnU  501H1-  uf  liejr  raodihca 
tions  are  miJuded  in  the  (;roups  f  wheels  illuslraled  in  Pigs  i)  la 
These  nheels  are  in  most  cases  made  m  numerous  widths  and 
diameters  and  the  dimensions  given  m  an>  suih  mslances  merely 


W'^~i         ^ -_  ■>^- 
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show  the  proportions  of  one  size  of  wheel  selected  as  typical  from 
the  comprehensive  lists  of  wheel  manufacluieia'  ijTofta.«s. 

Of  the  wheels  shown,  A  and  B  are  pUm  disW,  C  'vi  ».■&-  <i^'^'^  ^^^ 
used  on  cj-lindrical  grinders  for  grinding  c\(«e  wp  ^.o  a  ?,ea.i ,  cwfti^ .  "^ 
piston  head  of  large  radius;   Z)  is  a  disk  wViee\  Iot  d\^c(etvv  ms^ts^ 
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tool  and  roll  grinders,  E,  EE^  F,  G  and  H  are  "ring"  wheels  which  are 
modifications  of  the  disk  type.  The  two  wheels  E  and  EE  are  made 
on  large  iron  centers  and  are  for  use  on  the  Sellers  tool  grinders.  The 
other  ring  wheels  referred  to  are  adapted  for  mounting  on  large  iron 
centers,  and  all  such  wheels  are  for  service  on  machines  where  only 
a  limited  reduction  of  wheel  diameter  is  permissible. 

The  shallow  cup  wheel  /  is  for  drill  grinders  and  the  larger,  deeper 
cup  wheel  /  is  of  a  type  used  extensively  on  knife-grinding  machinery. 
Wheels  of  this  shape  and  of  suitable  dimensions,  are  also  used  on  roll 
and  cylindrical  grinders,  and  in  the  smaller  sizes  on  cutters  and 
reamer  grinders. 

The  wheel  K  \s  a,  plain  cylinder  for  grinding  on  the  end  the  same 
as  the  cup  wheels.  Such  cylinders  are  used  in  various  proportions  on 
vertical  surface  grinders,  edge  grinders,  etc.  They  are  held  in  ring 
chucks. 

Cup  and  cylinder  wheels  are  coming  more  and  more  into  use  and 
are  already  made  in  a  great  variety  of  diameters  and  widths.  On 
certain  classes  of  grinding  operations  they  have  marked  advantages 
over  the  regular  form  of  wheel  as  the  same  diameter  is  always  main- 
tained, thus  avoiding  the  necessity  of  a  change  in  speed,  and  the 
grinding  is  accomplished  on  a  flat  surface  instead  of  one  that  is 
curved. 

The  cup  wheel  L  is  for  the  Pratt  &  Whitney  vertical  surface  grinder. 

The  small  wheels  in  group  M  are  for  internal  grinding  operations 
in  holes  of  limited  diameter.  The  larger  internal  wheel  R  is  for  the 
Heald  cylinder  grinder.  Three  forms  of  the  "saucer"  wheel  for  cutter 
grinders  are  illustrated  at  N^  O  and  P,  and  two  bevel-edge  cup  wheels 
are  shown  at  5,  and  T,  both  being  made  for  cutter  grinder  use.  The 
double-edge  cup  wheel  can  be  used  for  sharpening  both  sides  of  a 
straddle  mill  without  reversing  the  latter  on  its  arbor;  it  is  also  useful 
in  such  operations  as  grinding  out  parallel  surfaces,  say  the  jaws  of  a 
snap  gage. 

The  conical  wheel  at  Q  is  for  a  tool  grinder  and  is  used  principally 
for  sharpening  pattern  makers*  gouges  which  are  beveled  on  the  inside 
of  the  curve. 

Two  saw  gmnmers,  representative  of  a  number  of  shapes  regularly 
made,  are  shown  at  U.  These  are  adapted  for  sharpening  saw  teeth 
and  grinding  down  in  the  "gullet"  or  concave  space  between  the 
bottoms  of  the  teeth. 

The  "pot  balls"  at  N  and  W  are  used  in  grinding  out  hollow  ware 
such  as  pots  and  kettles.  These  are  made  in  great  variety  to  suit 
spherical  receptacles,  skillets,  flat  bottom  pots,  etc. 

MOUNTING  GRINDING  WHEELS 

One  of  the  most  important  considerations  in  connection  with  the 

use  of  grinding  wheels  is  that  they  shall  be  properly  mounted,  upon 

suitably  proportioned  spindles  and  between  properly  designed  flanges. 

A  wheel  which  is  crowded  upon  a  spindle  of  weak  design,  or  which  is 

cramped  between  two  imperfect  flanges  that  are  dthet  too  small  or 

^e  a  bearing  upon  the  wheel  at  the  wrong  point, issuV^ecVedVo  coTk.^ 

^ft2Q^  as  likely  to  cause  an  accident  as  is  an  excessive  taxe  ol  s^e^. 
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Hie  vast  number  o(  abrasive  wheels  in  use  upon  Che  class  of  ma- 
chines conunonly  known  as  bench  and  floor  grinders,  grinding  whed 
sUnds,  emoy  grinders,  etc.,  and  which  are  so  generally  in  service  at 
vaiiouB  paints  about  the  machine  shop,  blacksmith  shop  and  foundry, 
makes  it  desirable  that  something  should  be  said  here  in  reference  to 
the  best  methods  of  mounting  wheels  on  such  apparatus. 

In  the  first  place,  the  machine  itself  should  be  of  rigid  construc- 
tion, with  ^Mndle  of  ample  proportions;  the  bearings  should  be  well 
fitted;  and  kept  well  oiled  so  that  the  arbor  will  not  become  over- 
heated and  by  expanding,  break  the  wheel ;  and  the  machine  should 
be  securely  fastened  on  substantial  foundations  not  only  to  insure 
safety  but  in  order  to  secure  better  results  with  the  wheel. 

The  following  sizes  of  spindles  are  recommoided  by  the  Norton 
Company  and  bj;  some  other  wheelraakers,  except  where  the  grinding 
wbeds  are  extra  'thick: 

Wheel  Spindle 

6  in.  diameter  and  less i  in 

8  in.  diameter  and  less    |  ir 

10  in.  diameter  and  less    ]  in 

12  in.  diameter  and  less    i    in 

14  in.  diameter  and  less    it  in 

16  in.  diameter  and  less   ij  in. 

18  to  JO  in.  diametw ij  in 

ai  to  J4  in.  diameter i    in 

Larger  than  «4  in zj  to  3  in 


—  Right  and  wrong  way  to 


The  fianges  should  be  reLeved  as  at  i4  in  Fig.  11,  and  they  should 
be  at  least  one-half  the  diameter  of  the  wheel  and  Wit  ^  Vt\«;\«a.i- 
Jng  at  Ibe  outer  edge.     The  inner  flange  shovAi  \ieMW  >aeViaut\i'a.v\^ 
all  cases  should  be  fixed  on  the  spind\e.    \iw4et  tio  tw>i\j.-wiWji.^ss.*. 
sboujd  the  Ganges  be  allowed  to  be  less  \,\an  on.e-'iivii'Ctie:  fiia.^«.'e< 
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of  the  wheel.  Wheels  must  not  be  allowed  to  run  when  held  only 
by  a  nut  in  place  of  a  flange,  as  the  nut  is  liable  to  crawl  and  cause 
accident. 

Compressible  washers  of  pulp  or  rubber,  slightly  larger  than  the    • 
flanges,  should  be  used  between  the  flanges  and  the  wheel  as  shown 
at  i4.  Fig.  II.  ^  These  distribute  the  pressure  evenly  when  the  flanges 
are  tightened,  by  taking  up  any  imperfections  in  the  wheel  or  flanges. 

The  hole  in  die  wheel  bushing  should  be  0.605  "^ch  larger  than 
standard  size  spindles.  This  permits  the  wheel  to  slide  on  the  spindle 
without  cramping  and  insures  a  good  fit  not  only  on  the  spindle 
but  against  the  inside  flange,  which  is  essential. 

The  flanges  should  be  tightened  only  enough  to  hold  the  wheel 
firmly,  thus  avoiding  unnecessary  strain. 

General  Suggestions 

Handle  all  wheels  with  the  greatest  care  in  unpacking,  storing, 
delivering,  etc.  Wheels  are  frequently  cracked  by  rough  usage  before 
they  are  ever  placed  on  the  grinding  machine.  The  man  in  charge 
of  Uie  storeroom  should  insi>ect  each  wheel  before  giving  it  out  to  the 
workman. 

Wheels  should  be  stored  in  a  dry  place. 

A  wheel  used  in  wet  grinding  should  not  be  left  overnight  partly 
immersed  in  water. 

When  moimting  wheels  do  not  screw  up  the  nut  too  tight;  it 
should  be  set  up  only  enough  so  that  the  flanges  hold  the  wheel 
firmly. 

Keep  all  rests  adjusted  close  to  the  wheel  so  that  work  cannot  be 
caught. 

Avoid  heavy  pressure  of  the  work  on  the  wheel  when  grinding. 

Keep  the  wheel  true  by  dressing  frequently. 

If  a  wheel  vibrates,  there  is  something  wrong.  It  should  be  trued 
up  and  the  boxes  should  be  rebabbijtted  after  the  journals  are 
trued  up. 

Never  hack  a  wheel;  it  is  unnecessary  and  dangerous. 

Use  wheel  guards  wherever  possible. 

MAGNETIC  CHUCKS 

Magnetic  chucks  have  come  to  be  a  very  necessary  part  of  the 
equipment  of  any  surface  grinding  machine,  whether  plain  or  rotary. 
Before  their  coming  it  was  customary  to  bed  thin  work  in  wax  on  the 
platen  of  a  grinder  in  order  to  finish  the  flat  sides.  Other  flat  work 
had  to  be  held  in  "fingers"  on  special  fixtures,  and  on  account  of 
their  being  very  thin  and  easily  sprung,  it  was  difficult  to  secure 
really  accurate  work. 

The  magnetic  chuck  holds  the  thinnest  pieces  of  iron  or  steel  firmly, 
draws  down  any  slight  spring  in  the  work  and  prevents  springing  when 
strains  are  reieased  during  the  grinding  operations. 
The  chuck  face  is  divided  into  magnet  po\es,  sepaiaX-^^d  Vy^  WVuVAt 
«r  other  non-magnetic  metals,  and  coils  oi  msuVated  vm ^  Ixom  \\ve5fc 
^to  electromagnets  when  current  is  applied.    ¥01  tolaxy  v^oxV,  \}q& 
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dectric  current  is  supplied  by  brushes  running  against  insulated  con- 
tract rings  on  the  outside.  Current  can  be  supplied  from  any  incan- 
descent lamp  socket  on  a  direct  current  circuit. 

AUemating  current  cannot  be  used. 

A  No.  o  diuck  having  a  face  10  X  14  inches  uses  about  one-half 
as  much  power  as  a  16  candle-power  lamp. 

Hints  for  Using  Magnetic  Chucks 

Hie  chucks  should  not  be  taken  aptart. 

Nothing  but  iron  or  steel  can  be  held  on  the  chucks. 

The  holding  power  depends  on  the  amount  of  work  surface  in  con- 
tact with  the  chuck. 

Work  can  be  held  on  edge  by  using  adjustable  back  rest. 

Very  thin  work  can  be  held  for  grinding  on  the  edges  by  laying  it 
against  the  back  rest  and  backing  it  up  with  a  parallel  strip. 

Thin  work  will  not  hold  as  well  as  thick  work. 

In  packing  a  number  of  small  pieces  on  a  chuck  at  one  setting,  it 
is  better  to  separate  them  a  little  with  stri[)s  of  non-magnetic  material. 

Do  not  plug  up  the  vent  holes  in  the  chuck. 

Keep  water  away  from  the  switch,  the  brushes  and  the  interior  of 
the  chuck. 

Magnetic  chucks  do  not  take  the  place  of  all  other  chucks. 

Do  not  use  water  on  chucks  except  where  they  are  made  for  it. 

Chucks  are  usually  wound  for  no  or  220  volts  for  direct  current 
only, 

POLISHING  WHEELS 

There  are  many  varieties  of  polishing  wheels  in  use,  the  principal 
kinds  being  known  as  wooden  wheels,  compressed  wheels,  canvas  and 
muslin,  seahorse  and  felt  wheels.  For  good  work,  and  economy  in 
abrasive,  glue  and  labor  cost,  wheels  and  methods  must  be  selected 
to  suit  the  work. 

A  few  years  ago,  the  wooden  wheel  covered  with  leather  and  turned 
to  fit  the  piece  to  be  polished,  was  universally  used.  At  the  present 
time,  the  wooden,  leather-covered  wheel  is  used  largely  on  flat  sur- 
faces and  on  work  where  it  is  necessary  to  maintain  good  edges. 
When  this  kind  of  a  wheel  is  made  with  a  double  coating  of  leather, 
it  makes  a  first-class  finishing  wheel. 

Compressed  wheels,  or  wheels  having  a  steel  center  are  made  with 
surfaces  of  leather,  canvas  or  linen.  Many  tool  shops  are  equipped 
with  these  wheels  exclusively.  They  answer  all  purposes  and  are 
safer  and  more  economical  than  wooden  wheels. 

They  are  also  used  largely  on  cutlery  and  for  polishing  chilled  plows. 
The  compressed  wheel  is  of  strong  construction,  is  very  durable  and 
easily  kept  in  balance. 

Canvas  and  muslin  wheels  are  used  extensively  for  polishing  stoves, 
shovels,  plows,  brass,  cast  iron  and  steel.    Foi  tom^vcv^  <3v\\-  -axA  ^isc^ 
£ning  on  irregular  pieces,  they  have  proved  very  ?aL\\«»\aLCXssrj .   'W^^ 
hold  the  abrasive  weU  and  require  no  wasYim^  oS^  ^l^s*  >\v^^  vjaxvNifc 
cleaned  with  a  buff  stick  or  an  abrasive  bnck. 
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Many  concerns,  such  as  plow-,  shovel-  and  hoemakers,  buy  the 
canvas  and  muslin  and  make  their  own  wheels. 

Sea-horse  wheels  are  very  expensive,  most  concerns  buying  the 
hides  and  making  their  own  whe^. 

Where  a  high-grade  polish  is  required,  there  is  probably  no  wheel 
which  can  compare  with  the  wheel  made  of  sea  horse.  They  are 
largely  used  on  guns,  pistols  and  cutlery. 

Felt  wheels  are  largely  used  by  stovemakers  for  finishing  surfaces. 
Bull  neck  wheels  are  also  used  for  this  purpose. 

The  felt  wheels  are  made  from  white  Spanish  and  Mexican  felt 
and  are  extensively  used  for  finishing  on  certain  classes  of  work. 

Care  of  Polishing  Wheels 

Polishing  wheels  should  be  kept  in  p>erfect  balance  and  running 
true  at  all  times.  A  wheel  out  of  balance  wastes  time,  glue  and 
abrasive,  and  will  not  do  as  good  work. 

The  most  eflSdent  glue  and  the  best  abrasive  are  the  cheapest  in 
the  long  nm. 

The  glue  pots  should  be  kept  clean  and  the  glue  prop>erly 
cooked  before  using. 

It  is  also  important  to  heat  the  abrasive  before  applying. 

The  wheels  should  be  kept  properly  cleaned  and  thoroughly 
covered  with  the  abrasive. 

The  wheels  should  be  selected  for  the  particular  work  the  same 
as  in  grinding  and  only  the  wheel  best  adapted  should  be  used  at  all 
times. 

Polishing  operations  are  usually  divided  into  three  classes:  rough- 
ing, dry  fining,  and  finishing  or  oiling. 

The  abrasives  used  for  roughing  usually  run  from  numbers  20  to 
80.  For  dry  fining,  from  numbers  90  to  120.  The  numbers  used 
for  finishing  nm  from  150  to  XF. 

For  both  roughing  out- and  dry  fining,  the  polishing  wheels  should 
be  used  dry.  For  finishing,  the  wheels  are  first  worn  down  a  little 
and  then  oil,  beeswax,  tallow  and  similar  substances  are  used  on  the 
wheel.    This,  together  with  the  abrasive,  brings  up  a  fine  finish. 


Speed  of  Buffing  Wheels 

Wood,  leather  covered 7,000 

Walrus 8,000 

Rag  wheels   7,000 

Hair-brush  wheels   12,000 

Ohio  grindstone   2,500 

Huron  grindstone 3jSoo 


t.  per  minute 
t.  per  minute 
t.  per  minute 
t.  per  minute 
t.  per  minute 
t.  per  minute 


LAPPING 

Lapping  may  be  defined  as  the  process  of  finishing  the  surface  o[ 
a  piece  of  work  by  means  of  another  piece  of  material,  called  a  lap, 
the  surface  of  which  is  charged  with  an  abrasive. 

Laps  are  rouglUy  divided  mto  three  general  classes.  First,  those 
where  the  form  of  the  lap  makes  a  Ibe  contact  with  the  worli,  and 


lap.  Second,  those  which  are  u&ed  for  straight  surfaces  with  a  full 
contact  on  the  lap,  and  third,  those  which  are  used  for  male  and 
female  cylindrical  surfaces  with  a  full  contact  on  the  lap.  In  all 
cases  the  material  from  which  the  lap  is  made  must  be  softer  than 
the  work.  If  this  is  not  so,  the  abrasive  will  charge  tbe  work  and 
cut  the  lap,  instead  of  the  lap  cutting  the  work. 

The  first  class  is  used  in  the  place  of  emery  wheels,  either  where 
the  work  is  too  small  to  use  an  ordinary  wheel  or  where  a  form  is 
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Fig.  I.  —A  Lapping  Plate  for  Flat  Wort 

dust  the  sharp  comers  of  the  particles  cause  them  to  bed  securely 
into  the  surface  of  the  lap,  and  if  a  good  quality  of  diamond  is  used, 
a  lap  will  grind  all  day  without  recharging.  Oil  is  used  to  lubricate 
the  work  and  carry  away  the  dust  from  the  grinding.  If  a  diamond 
lap  is  run  dry  the  particles  of  diamond  tear  and  raise  "burs"  in  the 
work,  which  strip  the  lap  very  quickly.  The  speed  should  be  alwut 
two-thirds  that  for  an  emery  wheel  of  the  same  size;  for  if  it  is  ex- 
cessive, the  lap  will  wear  smooth  and  glaze  instead  of  cutting.  This 
kind  of  lap  is  used  mainly  in  watch  and  clock  shops,  and  shops  mak- 
ing watch  tools,  sub-press  dies,  and  similar  work. 

Lapping  Flat  Surfaces 
In  lapping  flat  surfaces,  which  are  usually  on  hardened  steel,  a 
cast-iron  plate  is  used  as  a  lap  and  emery  aa  an  a.\iTaavJt.    \t>  m^'ss. 
that  tbephte  may  stay  reasonably  straight,  >V  s'ooxi.i.  ev'Cp«t\«iiii!»» 
tbict,  or  else  ribbed  sufficiently  to  mate  k  ri©A,  a-oi  ■ai  a-t^^  "^^^m 
tboaJd  be  supported  on  three  feet,  the  same  as  a.  wiAas*  Vi^w*-    ^ 
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rough  work  or  "blocking  down,"  as  it  is  called,  the  lap  works  better 
if  scored  with  narrow  grooves,  about  i  inch  apart,  both  lengthways 
and  crossways,  thus  dividing  the  plate  into  small  squares,  as  in  Fig.  i. 
The  emery  is  sprinkled  loosely  on  the  block,  wet  with  lard  oil 
and  the  work  rubbed  on  it;  care  is  taken  to  press  hardest  on  the  high- 
est spots.  The  emery  and  oil  get  in  the  grooves,  and  are  continually 
rolling  in  and  out,  getting  between  the  plate  and  the  work  and  are 
crushed  into  the  cast  iron,  thus  charging  it  thoroughly  in  a  short 
time.    About  No.  loo  or  No.  1 20  emery  is  best  for  this  purpose. 

After  blocking  down,  or  if  the  work  has  first  been  ground  on  a 
surface  grinder,  the  process  is  different.  A  plain  plate  is  used 
with  the  best  quality  of  flour  of  emery  as  an  abrasive,  as  the  least 
liunp  or  coarseness  will  scratch  the  work  so  that  it  will  be  very  hard 
to  get  the  scratches  out.  Instead  of  oil  benzine  is  used  as  a  lubri- 
cant and  the  lap  should  be  cleaned  off  and  fresh  benzine  and  emery 
applied  as  often  as  it  becomes  sticky.  The  work  should  be  tried 
from  time  to  time  with  a  straight-edge  and  care  taken  not  to  let  the 
emery  run  in  and  out  from  under  the  work,  as  this  will  cause  the  edges 
to  abrade  more  than  the  center,  and  will  especially  mar  the  comers. 
After  getting  a  good  surface,  the  plate  and  work  should  be  cleaned 
perfectiy  dry,  and  then  rubbed.  The  charging  in  the  plate  will 
cut  just  enough  to  remove  whatever  emery  may  have  become  charged 
in  the  work,  will  take  away  the  dull  surface  and  leave  it  as  smooth  as 
glass  and  as  accurate  as  it  is  possible  to  produce. 

Laps  for  Holes 

In  lapping  holes  various  kinds  of  laps  are  used,  according  to  the 
accuracy  required,  and  the  conditions  under  which  the  work  is  done. 
The  simplest  is  a  piece  of  wood  turned  cylindrical  with  a  longitu- 
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Fig.  2.  —  Laps  for  Holes 


dinal  groove  or  split  in  which  the  edge  of  a  piece  of  emery  cloth  is 
inserted.  This  cloth  is  wound  around  the  wood  until  it  fills  the  hole 
in  the  work.  This  is  only  fit  for  smoothing  or  enlarging  rough  holes 
and  usually  leaves  them  more  out  of  round  and  bell-mouthed  than 
tAey  were  at  first  Another  lap  used  for  the  same  purpose  —  and 
which  produces  better  results  —  is  made  by  tuimii^  2^  pve^et  ol  co^- 
10  l>i3ss,  or  cast  iron  to  fit  the  hole  and  spVittm^  \1  \oxv^\V^^vcva^>j 
some  distance  from  the  end.    Loose  emery  \s  spt\i\!feXe^  on^-t  \v, 
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with  lard  oQ  for  a  lubricant,  and  a  taper  wedge  is  driven  into  the- 
end  for  adjustment  as  the  lap  wears. 

Fot  lapping  common  drill  bushings,  cam  rolls,  etc,  in  large  quan* 
titiea,  where  a  little  beil-moulhing  can  be  allowed,  and  yel  a 
mty  good  hole  is  required,  a  great  many  shops  use  adjustable 
laps  made  with  more  care  than  the  above.  One  way  oi  making 
than  is  to  split  the  lap  nearly  the  whole  length,  but  leaving  both 
ends  solid.  One  side  is  drilled  and  tapped  for  ^reading  screws 
lor  adjustment.  Either  one  screw  half-way  down  the  split  may  be 
used  or  two  screws  dividing  the  split  into  thirds.  Another  and 
better  means  a(  adjustment  is  to  drill  a  small  longitudinal  hole  a 
little  over  half  the  length  of  the  lap,  enlarge  it  for  half  its  length, 
and  lap  the  large  end  for  some  distance.  This  is  done  before  split- 
ting. Into  this  hole  a  long  screw  with  a  taper  point  is  litted  so  that 
when  tightened  it  tries  to  force  itself  into  a  small  liole,  thus  spread- 
ing the  lap. 

For  nice  work  there  is  nothing  better  than  a  lead  lap.  Lead  charges 
easily,  holds  the  emery  firmly  and  does  not  scratch  or  score  the  work. 
It  is  easy  to  ht  to  the  work  and  holds  its  shape  well  for  light  cuts. 
Under  hard  usage,  however,  it  wears  easily.  For  this  reason,  while 
luis  for  a  single  hole  or  a  special  job  are  sometimes  cast  on  straight 
arbors,  where  much  lapping  is  done  it  is  customary  to  mold  the  laps 
to  taper  arbors  with  means  for  a  slight  adjustment.  After  any  exteu- 
^ve  adjustment  the  lap  will  be  out  of  true  and  must  be  turned  oS. 
All  of  these  laps,  as  shown  in  Fig.  2,  are  to  be  held  by  one  end  in 
a  lathe  chuck,  and  the  work  run  back  and  forth  on  them  by  hand, 
or  by  means  of  a  clamp  held  in  the  hand.  If  a  clamp  is  used  care 
shoiUd  be  taken  not  to  spring  the  work. 

How  to  Do  Good  Lapping 

Tbeee  are  several  points  which  must  be  taken  into  consideration 
in  order  to  get  good  results  m  lapping  holes.  The  most  important 
is  that  the  lap  shall  always  SH  the  hole.  If  this  condition  is 
tof  t[  
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plied  with  the  wn^t  ot  the  work  and  the  impossibility  of  holding 
it  exactly  right  will  cause  it  to  lap  out  of  roimd,  or  if  it  is  out  of  roimd 
al  the  start  the  lap  will  be  free  to  follow  the  original  surface.  If  the 
lap  fits,  it  will  bear  hardest  on  the  high  spots  and  lap  them  oS.  Nexl 
in  importance  to  getting  a  round  hole  is  to  have  it  straight.  To 
attain  this  end  the  iap  should  be  a  little  longer  than  the  work,  so 
that  it  will  lap  the  whole  length  of  the  hole  at  once,  and  not  have  a 
tendency  to  follow  any  curvature  there  may  be  in  it.  What  is  known 
as  bell-mouthing,  ot  lapping  large  on  the  ends,  is  hard  to  prevent, 
especially  if  the  emery  is  sprinkled  on  the  lap  and  the  work  shoved 
on  it  while  it  is  running.  The  best  way  to  avoid  this  condition  when 
using  cast-iron  ot  copper  laps,  which  do  not  charge  easily,  is  to  put 
the  emery,  in  the  slot,  near  the  center  of  the  lap,  and  after  the  work 
is  shoved  on  squirt  oil  in  the  slot  to  float  the  emery.  Then,  when 
the  lathe  is  started  the  emery  will  carry  around  ami  ¥;caA\n&i  -«i^ 
1  out  to  the  ends,  lap/iing  as  it  goes.  Where  \eaA  \s  viseA.  ■C^ic  «.tw«^ 
^^n^  put  on  where  it  is  desired  to  have  v\\e  Xap  c>iV  wvi  TditSi  ™ 
^^^^Mat  strip  of  iron.     It  will  not  come  out  easfiv  aQ™"'^'io'-^'*^'^*' 
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to  any  extent,  and  it  is  possible  with  a  lap  charged  in  this  manner 
to  avoid  cutting  the  ends  of  the  hole  at  all.  The  work  should  always 
be  kept  in  motion  back  and  forth  to  avoid  lumping  of  the  emery 
and  cuttings  which  will  score  grooves  in  the  work. 

Ring  Gage  and  Other  Work 

•  Ring  gages  are  lapped  with  a  lead  lap.  They  are  first  ground 
straight  and  smooth  to  within  .0005  inch  of  size,  and  then,  when 
lapped,  are  cooled  as  well  as  cleaned,  before  trying  the  plug,  by 


Fig.  3.  —  A  Lap  for  Plugs 

placing  them  in  a  pail  of  benzine  for  a  long  enough  time  to  bring 
them  down  to  the  temperature  of  the  room.  Some  shops  leave  a 
thin  collar  projection  from  each  side  around  the  hole,  so  that,  if  there 
is  any  bell-mouthing,  it  will  be  in  these  collars,  which  are  ground 
off  after  the  lapping  is  done". 

Other  metals  are  lapped  in  this  same  manner,  except  that  the 
abrasive  is  different.  Cast  iron  is  lapped  with  emery,  but  charges 
to  some  extent.  This  charging  can  be  taken  out  without  changing 
the  work  materially  by  rubbing  it  by  hand  with  flour  of  emery  cloth. 
In  lapping  bronze  or  brass,  crocus  and  Vienna  lime  are  used.  Crocus 
is  used  with  a  cast-iron  or  lead  lap,  and  the  charging  is  removed  by 
running  the  work  for  a  few  seconds  on  a  hardwood  stick  which  fits 
the  hole.  Unslaked  Vienna  lime,  freshly  crushed,  is  used  with  a 
lead  or  hardwood  lap,  and  does  not  charge.  It  does  a  nice  job,  but 
is  very  slow,  and  is  only  used  in  watch  factories. 

For  lapping  plug  gages,  pistons,  and  other  cylindrical  articles,  a 
cast-iron  lap  is  usually  used,  split  and  fitted  with  a  closing  and  a 
spreading  screw,  as  shown  in  Fig.  3.  Sometimes,  where  a  very  fine 
finish  is  required,  or  where  the  work  is  not  hardened,  the  hole  is 
made  larger  than  the  work,  and  a  lead  ring  cast  into  it. 

DIAMOND  POWDER  IN  THE  MACfflNE  SHOP 

The  diamond  used  for  this  purpose,  costing  85  cents  per  carat,  is 

an  inferior  grade  of  diamond,  not  so  hard  as  the  black  diamond  used 

for  drills  and  truing  emery  wheels,  and  not  of  a  clear  and  perfect 

structure  to  permit  it  to  enter  the  gem  class.    Many  are  a  mixed 

black  and  white,  others  yellow  and  some  pink;   many  are  clear  but 

flaky.    Then  there  is  the  small  debris  from*  diamond  cutting,  which 

Is  reduced  to  powder  and  sells  somewhat  cheaper;    but  some  find 

It  more  economical  to  use  the  above  and  powdei  \\-  \3aftiivaelves,  as 

^e  debris  from  diamond  cutting  is  of  a  flLaky  nsttviie,  axid  dot^  xioX. 

^:aajg^e  /nip  the  lap  so  well. 
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AsBuming  there  is  25  carats  to  reduce  to  powder,  proceed  as  follows: 
Into  a  mortar,  as  shown  at  Fig.  4,  place  about  5  carats,  using  an 
ft-ounce  hammer  to  crush  it.  It  takes  from  3  to  4  minutes'  steady 
pounding  to  reduce  it  to  a  good  average.  Scrape  the  powder  free 
from  the  bottom  and  the  sides  and  empty  into  one  half  pint  of  oil. 
The  oil  iised  is  the  best  olive  oil  obtainable,  and  is  held  in  a  cup- 
shaped  receptacle  that  will  hold  a  pint  and  one  half.  The  25  carats 
being  reduced  to  powder,  and  in  the  oil,  stir  it  until  thoroughly  mixed, 
and  allow  to  stand  5  minutes;  then  pour  off  to  another  dish.  The 
diamond  that  remains  in  the  dish  is  coarse  and  should  be  washed 
in  benzine  and  allowed  to  dry,  and  should  be  repounded,  unless 
extremdy  coarse  diamond  is  desired.  In  that  case  label  it  No.  6. 
Now  stir  that  which  has  been  poiured  from  No.  o,  and  allow  to  stand 
10  minutes.  Then  pour  off  into  another  dish.  The  residue  will 
be  No.  I.    Repeat  the  operation,  following  the  table  below. 

The  settlings  can  be  put  into  small  dishes  for  convenient  use, 
enough  oil  staying  with  the  diamond  to  give  it  the  consistency  of 
paste.    The  dishes  can  be  obtained  from  a  jewelers'  supply  house. 

Table  for  Settling  Dl\mond 

To  obtain  No.  o  —  5  minutes.        To  obtain  No.  3  —  i  hour. 
To  obtain  No.  i  —  10  minutes.      To  obtain  No.  4  —  2  hours. 
To  obtain  No.  2  —  30  minutes.      To  obtain  No.  5  —  10  hours. 

To  obtain  No.  6  —  until  oil  is  clear. 
Diamond  is  seldom  hammered;  it  is  generally  rolled  into  the 
metal.  For  instance,  several  pieces  of  wire  of  various  diameters 
chajrged  with  diamond  may  be  desired  for  use  in  die  work.  Place 
the  wire  and  a  small  portion  of  the  diamond  between  two  hardened 
surfaces,  and  under  pressure  roll  back  and  forth  until  thoroughly 
charged.  No.  2  diamond  in  this  case  is  generally  used.  Or  one  can 
form  the  metal  any  desired  shape  and  apply  diamond  and  use  a  roll, 
as  Fig.  6,  to  force  the  diamond  into  the  metal.  This  is  then  a  file 
which  will  work  hard  steel,  but  the  moment  this  diamond  file,  or  lap, 
is  crowded  it  is  stripped  of  the  diamond,  and  is  consequently  of  no 
use.     It  is  to  be  used  with  comparatively  light  pressure. 

Diamond  Laps 

Copper  is  the  best  metal.  It  takes  the  diamond  readily,  and 
retains  it  longer  than  other  metals;  brass  next,  then  bessemer  steel. 
The  latter  is  used  when  it  is  wished  to  preserve  a  form  that  is  often 
used. 

For  sharpening  small,  flat  drills,  say  0.008  to  o.ioo,  a  copper  lap 
mounted  on  a  taper  shank,  as  in  Fig.  5  and  charged  on  the  face  with 
No.  2  diamond,  using  pressure  on  the  roll,  makes  a  most  satisfactory 
method  of  sharpening  drills.  The  diamond  lasts  for  a  long  time  if 
properly  used,  and  there  is  no  danger  of  drawing  the  temper  on  the 
drilL     It  is  much  quicker  than  any  other  method  ol  ^^t^tJvw^. 

To  charge  the  lap  use  the  roll.  Fig.  7,  suppoiteA.  otv  2lT  xesX.^'wssr 
iitg  Bnnly  against  the  lap,  being  careiu\  to  \\a,v^  \>afc  t<^  o^  "^^ 
xater;  otherwise  instead  of  charging  the  \ap  \1  N»r^\i^  ^gn».^\SN%N5NR^ 
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roll.  The  diamond  may  be  spread  either  on  the  lap  or  the  roll,  and 
the  i&rst  charging  usually  takes  twice  the  amount  of  diamond  that 
subsequent  charging  takes.    To  avoid  loss  of  diamond,  wash  the 
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FIG.  6  LI 

FIG.  6 

FIG.  7 
FIG.  4 

Diamond  Lap  Tools 

lap  in  a  dish  of  benzine  kept  exclusively  for  that  purpose.  This  can 
be  reclaimed  by  burning  the  metal  with  acids,  and  the  diamond  can 
be  resettled. 

For  the  grinding  of  taper  holes  in  hard  spindles  or  for  position 
work  in  hard  plates,  where  holes  are  too  small  to  allow  the  use  of 
emery  wheels.  No.  i  diamond  does  the  work  beautifully.  Or  if  it 
is  wished  to  grind  sapphire  centers  or  plugs  as  stops,  etc.,  a  bessemer 
lap  made  in  the  form  of  a  wheel  and  charged  with  diamond  on  the 
diameter  does  the  work  nicely. 

Nos.  5  and  6  diamond  are  used  on  boxwood  laps,  mounted  on 
taper  plugs  or  chucks,  and  the  diamond  smeared  on  with  the  finger. 
The  lap  is  run  at  high  speed  and  used  for  fine  and  slow  cutting 
which  also  gives  a  high  polish. 


REAMER  AND    CUTTER  GRINDING 

Reamer  Clearances 

After  constant  experimenting  for  a  period  of  more  than  a  year, 
the  Cincinnati  Milling  Machine  Company  succeeded  in  establishing 
tables  for  four  styles  of  reamers  for  obtaining  what  they  consider  to 
be  the  best  clearances,  the  object  being  to  grind  clearances  on  reamers 
which  would  ream  the  greatest  number  of  smooth  holes  with  a  mini- 
mimi  amount  of  wear.  The  four  styles  of  reamers  are  as  follows: 
Hand  reamers  for  steel,  hand  reamers  for  gray  iron  and  bronze,  chuck- 
ing reamers  for  gray  iron  and  bronze,  chucking  reamers  for  steel. 
The  company  uses  adjustable  blade  reamers  almost  exclusively,  all  of 
which  are  ground  in  the  toolroom  on  their  umvei^aV  cw\.\.e.T  ^cad  tool 

grinder.     High  speed  steel  reamers  cling  to  nickeX  ?»tefc\  OlTv^  do  wot 

cut  it  as  well  as  carbon  steel. 
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Fig.  t  is  a  croaa-section  of  a  hand  reamer.  Two  clearance  lines, 
A  and  By  are  ground  on  the  blades,  a  being  the  cutting  clearance 
and  b  the  second  clearance  called  for  in  the  table.  The  object  of 
giving  the  adjustment  for  the  second  clearance  so  minutely  is  to  pro- 
vide a  proper  width  of  land,  which  equals  .025  inch  on  all  hand  reamers 
for  gray  iron  or  bronze,  and  0.005  iiK^  *">  li^nd  reamers  for  steel. 


Fig. 


of  Hand  Reamer 


Chucking  reamers  for  gray  iron  and  bronze  have,  in  this  system,  23. 
degree  beveled  ends  as  shown  in  Fig.  2,  and  are  provided  with  two 
clearances  along  the  blades,  for  which  the  settings  are  given  in  Table 
3,  The  beveled  ends  have  only  one  clearance  which  is  equal  to  the 
second  clearance  given  in  Table  3.  Fig.  3  shows  a  chucking  reamer 
for  reaming  steel.  In  these  reamers  the  blades  are  circular  ground 
to  the  exact  size  of  hole  to  be  reamed  and  without  clearance,  the  45- 
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degree  beveled  ends  only  having  clearance  as  given  in  Table  4.  On 
all  reamers  of  this  style  the  blades  are  ground  from  .015  to  .oio  inch 
below  size  half  of  their  length  toward  ^e  shank  end. 

In  grinding  the  clearances  for  the  various  kinds  of  reamers  as 
given  in  Table  1,  1,  and  3,  the  tooth  rest  is  held  stationary  on  the 
emery  wheel  head  of  the  grinder,  while  in  grinding  the  4s-degree 
beveled  ends  on  the  chucking  reamers  for  steel,  the  tooOs.  tesx  '-k. 
su|^K>rted  from  the  grinder  table  and  Ua.ve\5,  -hKI-V  V^c  •«afi-.   "^^t 
firojt  end  of  the  band  reamer  b\ades  aic  lapcrei  a,\lo^\'^-  o-'wii,  'f*-''- 
inch.     The  back  ends  of  the  blades  are  a\so  s\\%^^v\-j  \a.^(=ie.i  \o  ■^^- 
vent  injuring  the  holes  when  backing  the  leamei  oi-t- 
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REAMER  CLEARANCE 
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Cup  Wheel  Clearance  Table 

Disk  Wheel  Cleabance  Table 

For  selling  toolh  rest  to  obtain 

Giving  distance  B   for  setting 

work   centers   and   toolh  rest  be- 

peripheral teeth  of  milling  cutters 

low  center   of   wheel    spindle   to 

with   cup-shaped   wheel.     Tooth 

obtain    5"  or   7"   clearance   with 

rest  is  set  below  woA  centers  as 

wheels     of     different     diameters 

al  A ,  Ihe  distance  beic^  found  in 

the  table  below. 

disk  wheel. 
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OILSTOimS  AND  THEIR  USES 

Natural  Stones 

The  following  particulars  regarding  the  well-known  Arkansas  and 
Washita  stones  are  given  by  the  Pike  Manufacturing  Company: 

Arkansas  stones  are  made  from  rock  quarried  in  the  Ozark  moun- 
tains of  Arkansas,  and  are  prepared  for  commercial  purposes  in  two 
grades,  hard  and  soft. 

Hard  Arkansas  is  composed  of  pure  silica  and  its  sharpening 
qualities  are  due  to  small,  sharp-pointed  grains,  or  crystals,  of  hex- 
agonal shape,  which  are  much  harder  than  steel  and  will,  therefore, 
cut  away  and  sharpen  steel  tools.  The  extreme  fineness  of  texture 
makes  this  stone,  of  necessity,  a  slow  cutter,  but  in  the  very  density 
of  the  crystals  of  which  it  is  composed  lies  its  virtue  as  a  sharpener. 

Soft  Arkansas  stone  is  not  qiiite  so  fine-grained  and  hard  as  the 
hard  Arkansas,  but  it  cuts  faster  and  is  better  for  some  kinds  of 
mechanical  work.  It  is  especially  adapted  for  sharpening  the  tools 
used  by  wood  carvers,  file  makers,  pattern  makers,  and  all  workers 
in  hard  wood. 

Washita  stone  is  also  found  in  the  Ozark  mountains  in  Arkansas 
and  is  similar  to  the  Arkansas  stone,  being  composed  of  nearly  pure 
silica,  but  is  much  more  porous.  It  is  known  as  the  best  natural 
stone  for  sharpening  carpenters'  and  general  wood  workers'  tools. 
This  stone  is  found  in  various  grades,  from  pa-fectly  crystallized 
and  porous  grit  to  vitreous  flint  and  hard  sandstone.  The  sharp- 
ness of  the  grit  depends  entirely  upon  its  crystallization,  the  best 
oilstones  being  made  from  very  porous  crystals. 

In  addition  to  the  regular  rectangular  sections,  natural  stones  are 
made  in  such  shapes  as  square,  triangular,  round,  flat,  bevel,  dia- 
mond, oval,  pointed,  knife  edge. 

Artificial  Oilstones 

Artificial  oilstones  are  manufactured  in  a  multitude  of  shapes  and 
sizes  and  are  adapted  for  sharpening  all  kinds  of  tools.  Such  stones 
are  made  by  the  Norton  Company  of  alundum  and  crystolon,  the 
former  being  known  as  India  oilstones,  the  latter  as  crystolon  sharp- 
ening stones.  Similar  shapes  are  manufactured  by  the  American 
Emery  Wheel  Works,  and  the  Carbonmdum  Company  also  makes 
such  stones  in  great  variety. 

The  stones  are  made  in  three  grades  or  grits,  coarse,  medium  and 
fine.  The  coarse  stones  are  used  in  machine  shops  for  sharpening 
very  dull  or  nicked  tools,  machine  knives,  and  for  general  use  where 
fast  cutting  is  desired. 

Mediimi  stones  are  sharpening  mechanics'  tools  in  general,  more 
particularly  those  used  by  carpenters  and  in  wood-working  shops. 

Fine  stones  are  adapted  for  engravers,  die  workers,  cabinet  makers 
and  other  users  of  tools  requiring  a  very  fiive,  Vj^ea-oiVOvcv^  ^'^^. 

Of  the  great  variety  of  shapes  and  sizes  a  tvuTc^et  ;sA?n.\\sA  ^^"^^^ 
dally  for  machine  shop  purposes  are  illustrated  Yva\l  s\z.^v£v^\"?,.^«   ^^ 
these,  Nos.  o,  i,  ij,  2,  24  and  29  are  ior  sbaipemTv^XsaX^afc  ^wes.^^a»s, 
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tools,  and  for  use  after  grinding;  Nos.  23,  25,  56  and  56J  for  reamers; 
Nos.  13,  14  and  15  for  taps;  Nos.  4,  5,  6,  7,  8,  9,  10,  11,  12  and  26 
for  dies. 


8'«  l«'x  IJi' 


No.24 

4J<  X  IVi'x  H 


N0.O  -    »x«xl 

No.lH-7xs'xr 
No.29  -  t'x  s'«  l' 


•  xiw'x«' 


Fig.  I.  —  Shapes  of  Oilstones 


A  few  shapes  and  sizes  for  curved-edge  wood-woiVm^  loo\s  ax^^o^ 
•"i^  J^T,  12,  ij^  Z4,  IS,  in  Fig.  i.     Rectangular  dciapes  lot  ?>Ua:\^V.^ 
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tools  like  chisels,  plane  bits,  planer  knives,  scrapers,  paper-cutting 
knives  and  other  tools  with  broad  flat  edges  are  Nos.  o,  i,  i},  2,  24, 
29,  in  Fig.  I. 


No.58 


No.51 

Fig.  2.  —  Shapes  ol  Oi\sXotie^ 

Fig.  2  shows  some  of  the  sizes  and  shapes  paT\.\cx!\«LA>j  ^^"^"^^^ 
mold  and  die  work,   watch   and   dock  makets'   VooVs*,  ^X-^-    ^^ 
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shapes  suitable  for  such  piuposes  are  shown  by  Nos.  4,  5,  6,  7,  8,  9 
and  26  in  Fig.  i  and  No.  51  in  Fig.  2. 

How  to  Care  fot  Oilstones 

Like  anything  else,  an  oilstone  can  be  ruined  by  wrong  treatment 
and  lack  of  care. 

There  are  three  objects  to  be  attained  in  taking  good  care  of  an 
oilstone:  first,  to  retain  the  original  life  and  sharpness  of  its  grit; 
second,  to  keep  its  surface  flat  and  even;  third,  to  prevent  its  glazing. 

To  retain  the  original  freshness  of  the  stone,  it  should  be  kept 
dean  and  moist.  To  let  an  oilstone  remain  dry  a  long  time,  or 
expose  it  to  the  air,  tends  to  harden  it.  A  new  natural  stone  should 
be  soaked  in  oil  for  several  days  before  using.  If  an  oilstone  is  kept 
in  a  dry  place  (most  of  them  are)  it  should  be  kept  in  a  box  with 
dosed  cover,  and  a  few  drops  of  fresh,  dean  oil  left  on  it. 

To  .keep  the  surface  of  an  oilstone  flat  and  even  simply  requires 
care  in  using.  Tools  should  be  sharpened  on  the  edge  of  a  stone  as 
well  as  in  the  middle  to  prevent  wearing  down  imevenly,  and  the 
stone  should  be  turned  end  for  end  occasionally. 

To  restore  an  even,  flat  surface  grind  the  oilstone  on  the  side  of  a 
grindstone  or  rub  it  down  with  sandstone  or  an  emery  brick. 

To  prevent  an  oilstone  from  glazing  requires  merely  the  proper 
use  of  oil  or  water. 

The  purpose  of  using  either  oil  or  water  on  a  sharpening  stone  is 
to  float  the  partides  of  steel  that  are  cut  away  from  the  tool,  thus 
preventing  them  from  filling  in  between  the  crystals  and  causing  the 
stone  to  glaze. 

All  coarse-grained  natural  stones  should  be  used  with  water.  Use 
plenty  of  it. 

On  medium  and  fine-grained  natural  stones  and  in  all  artificial 
stones,  oil  should  be  us^  alwa}^,  as  water  is  not  thick  enough  to 
keep  the  sted  out  of  the  pores. 

To  fmlher  prevent  glazing,  the  dirty  oil  should  always  be  wiped 
off  the  stone  thoroughly  as  soon  as  possible  after  using  it.  This  is 
very  important,  for  if  left  on  the  stone,  the  oil  dries  in,  carrying  the 
steel  dust  with  it.  Cotton  waste  is  one  of  the  best  things  to  clean  a 
stone  with,  and  is  nearly  always  to  be  found  in  a  shop. 

If  the  stone  does  become  glazed  or  gummed  up,  a  good  cleaning 
with  gasolene  or  ammonia  will  usually  restore  its  cutting  qualities,  but 
if  it  does  not,  then  scour  the  stone  with  loose  emery  or  sandpaper 
fastened  to  a  perfectly  smooth  board. 

Never  use  turpentine  on  an  oilstone  for  any  purpose. 
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AND    FEEDS 

I  BOX   TOOLS   ASD   CUTTERS 

^^The  general  principles  of  Iwo  types  of  box  tools  using  respectivcq' " 
tangent  and  radial  cutlers  are  represented  in  Figs,  i  and  3.    The 
former  type  is  generally  used  /or  roughing  and  the  latter  for  finishing. 
The  tangent  culler  in  the  type  of  box  tool  shown  in  Fig.  1  lies  in  a 
slot  formed  parallel  to  the  bottom  of  the  box  but  at  an  angle,  usually 
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Fig.  I.  — Roughing  Box  Tool  with 
Tangent  Cutler 

ten  d^rees,  with  the  front  of  the  bdx,  thus  giving  the  desired  rake 
at  Ihe  rutting  point.  Finishing  cutlers  of  the  type  in  Fig.  3  aie 
Btraighl  on  the  end,  located  square  with  the  work  and  ordinarily 
ground  as  indicated  to  give  7  to  lo  degrees  front  clearance  for  steel 
and  S  lo  8  degrees  for  brass. 

The  tangent  cutter  is  sharpened  by  grinding  on  the  end,  and  com- 
pensation for  the  grinding  away  of  the  metal  is  made  by  adjusting 
the  cutter  forward,  whereas  in  the  radial  type  of  culler  in  Fig.  3, 
frequent  sharpening  cannot  be  done  without  resulting  in  lowering 
the  cutting  edge  o£  the  tool  below  the  center  of  the  work,  unless  a 
substantial  part  of  the  tool  be  sacrificed.  The  radial  tool,  however, 
is  easily  eround  accurately  on  face  a,  which  is  the  edge  governing  the 
Bnisb;  while  the  corresponding  iace  on  ft\e  \an%c\A  V^i.  *»  ■raSwa.  ^ 
'^^ult  to  grind  so  as  lo  produce  as  &mao1^  'notV^  '^^^^^^h 
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The  sizes  of  steel  recommended  for  box-tool  cutters  are  as  follows: 
For  box  tools  used  for  stock  diameters  up  to  -^  inch,  -^  inch  square; 
up  to  }  inch  diameter,  ^  inch  square;  up  to  J  inch  diameter,  J  inch 
square;  up  to  f  inch  diameter,  ^  inch  square;  up  to  i  inch  diameter, 
}  inch  square;  up  to  i J  inches  diameter,  }  inch  square. 

HOLLOW   Mn.LS 

The  teeth  of  hollow  mills  should  be  radial  or  ahead  of  the  center. 
With  the  cutting  edge  ahead  of  the  center,  as  in  Fig.  3,  the  chips  as 
produced  are  caused  to  move  outward  away  from  the  work  and  pre- 
vented from  disfiguring  it.  With  the  cutting  edge  below  the  center, 
rough  turning  will  result.  With  the  cutting  edge  greatly  above  the 
center,  chattering  occurs  About  one  tenth  of  the  cutting  diameter 
is  a  good  average  amount  to  cut  the  teeth  ahead  of  the  center. 


Back  Beii 
Jaws 


7°to  10° for  Steel  / 
S^toS^fonBraia    . 

Fig.  a.  —  Finishing  Box  Tool  with 
Radial  Cutter 


When  the  chips  produced  from  any  turning  or  boring  cut  curl 
nicely,  it  is  indicative  of  a  free  cutting  action;  but  these  chips  are 
very  troublesome  on  the  automatic  screw  machine.  In  making  hollow 
mills  for  the  automatic,  part  or  all  of  the  rake  to  the  cutting  edge  is 
generally  sacriBced. 
./f^^  ^^t>Ie  under  the  hollow  mill  in  Fig.  3  gVve^s.  pxopoxVvotvs  o£ 

^     ,^^'^  ri-  to  /  diameter,  showing  the  amovxuV  Xq  cwX  \?cv^  V^'Oa. 

^caa  of  the  center,  the  taper  of  th^  hole,  etc. 
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Fig.  3.  —  Hollow  Mill  Dimensions 

DIES   AND    TAPS 

It  is  good  practice  in  making  spring  screw  dies  to  eillier  hob  out 
the  thread  with  a  hob  tap  0.005  '<*  0.015  '"'^^  over-size,  according 
to  size,  and  in  use  to  spring  the  prongs  to  proper  cutting  size  by  a 
clamping  ring,  or  to  tap  the  liie  out  from  the  rear  with  a  hob  tap 
tapering  from  -^  inch  to  J  inch  per  foot,  leaving  the  IwiM,  wA  -4!r«K^ 
0.003  inch  over  cutting  size,  and  in  this  case  a\«i  to  'is*  ■*■  '-'*^"^'?^\ 
nag.     Both  of  these  schemes  are  tor  Ihe  puvpoas  (A  tJtiiaSa'.T-'*.^^ 

clearance  and  are  effective.     Of  the  two  iHe  viae  ol  "Ct*  X-^ij^  ™» 

to  be  preferred. 
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Spring  Die  Sizes 
The  lable  of  dimensions  for  spring  screw  dies,  Fig.  4,  should  prove 
<rf  service,  particularly  for  sfecl.  For  brass  the  cutting  edge  is 
radial,  thus  eliminating  dimension  A,  The  width  of  land  at  bottom 
of  thread  is  usually  made  about  }  outside  diameter  of  cut,  the  milling 
between  flutes  being  70  degteei,  leaving  50  degrees  for  the  prong  in 
the  case  of  three- flute  dies. 


T>p«  si  Tw-lJ'  vtr  Ft. 


Shall  Sizes  of  Dies 
(Over  all  Dimensions  Given  in  Sltetch) 
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-Spring  Die  Dii 


Siziag  Work  for  Tlireading 

In  boring  holes  previously  to  tapping  they  should  be  somewha 
/ajysr  than  ihe  theoretical  diameter  at  bottom  of  thread,  as  ihi 
cmtrding  action  of  the  tap  will  cause  the  metaV  lo  fto*  ^tok  an 
^^P^^'"  for  this.      Whert  no  allowance  is  maAe.  tTei\\ier>.v  v 


liable  j 


1  threads  it\  Om:  ■«OT\t  a\w>.    Otv 
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external  work  it  is  for  the  same  reasons  advisable  to  turn  the  work 
undersize  and  the  following  table  gives  good  average  allowances  for 
both  internal  and  external  work. 

Allowances  for  Threading  in  the  Screw  Machine 


Threads 
per  Inch 

External  Work 
Turn  Undersize 

Internal  Work 

Increase  Over  Theoretical 

Bottom  of  Thread 

28 

0.002 

0.004 

24 

0.002 

0.0045 

22 

0.0025 

0.005 

20 

0.0025 

0.0055 

16 

0.003 

0.006 

14 

0.003 

0.0065 

13 

0.0035 

0.007 

12 

0.0035 

0.007 

II 

0.0035 

0.0075 

10 

0.004 

0.008 

9 

0.004 

0.0085 

8 

0.0045 

0.009 

7 

0.0045 

0.0095 

6 

0.005 

O.OIO 

Tap  Length  and  Ntunber  of  Lands 

The  number  of  teeth  in  taps  and  the  width  of  land  should  be 
regulated  by  the  diameter  and  pitch  of  work  as  well  as  the  nature  of 
the  material  being  cut.  On  fine  threads,  where  a  drunken  thread  is 
to  be  insured  against,  more  teeth  are  required  than  on  a  coarser  pitch 
of  the  same  diameter.  A  good  average  number  of  teeth  on  taps  for 
United  States  standard  threads  is  given  in  the  following  table.     With 


Outside  Dia. 
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too  few  teeth  and  too  short  land  very  \itt\e  suppotV  \?.  ^.^^.x^^  "asx^ 
this  may  cause  chattering;  too  much  land  \iv  cowX^jjcX.  c^w^sfc^'^^'*-^  ^^^ 
to  excessive  friction,  welding  of  chips  and  lorw  vVvt^aAs. 
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FORMING  TOOLS 


»SI 


FORMlllG  TOOLS 

The  two  tvpes  of  forming  cutters  commonly  used  in  the  screw 

machine  ue  snown  in  Figs.  5  and  6.     The  circular  forming  cutter  in 

Fip,  5  is  usually  cut  away  from  i  to  -^  inch  below  center  to  give 

suitable  cutdnK  clesiance  and  tlie  center  of  the  tool  post  on  which 

corresponding  amount  above  the  center  of  the 

— nttmg  edge  of  the  circular  tool  is  brought  on 


t  the 


Fig.  j,  —  Circular  Forming  Tool 
the  center  line  of  the  work.  The  relative  clearance  ordinarily 
obtained  by  circular  cutters  and  dovetail  tools  of  the  type  shown  in 
Fig.  6,  is  indicated  in  Fig.  7.  It  is  obvious  that  with  a  given  material 
the  lar^r  the  diameter  of  the  work  the  greater  the  angle  of  clearance 
required.     Clearance  angles  are  seldom  less  thin  7  degrees  or  over 


Fro.  6.  —  Dovetail  Forming  Tool 


clearance  angle  than  a  large  diameter.  In  fact,  when  of  an  exceed- 
ingly large  diameter  the  circular  tool  approaches  in  cutting  action 
the  dovetail  type  of  tool  which  is  usuaW^  pTQv\ie4  Vviv  ■jisMfc.  vi 
decrees  clearance.     Circular  tools   usuaW^  ta.Ti^e  ^toto  T&ici^  "vX  ^ 

J  laches  diameter,  dependinR  upott  lV»e  VMt  tH  Ytiad^vovt  la  '»^'* 

ther  are  used.  i-         s      1~ 
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Getting  the  Tool  Diameters  at  Different  Points 

In  order  to  make  a  circular  or  a  dovetail  type  of  tool  so  that 
the  contour  of  its  cutting  edge  is  such  as  to  produce  correct  work,  the 
amount  a  circular  tool  is  cut  below  center,  as  at  c  in  Fig.  8,  and  the 
clearance  angle  of  a  dovetail  tool  as  at  ^4',  Fig.  7  must  be  known. 
Thus,  referring  to  Fig.  8,  the  forming  tool  shown  cuts  two  dififerent 
diameters  on  the  work,  the  step  between  being  represented  by  dimen- 
sion a.  To  find  depth  /  to  which  the  forming  tool  must  be  finished 
on  the  center  line  to  give  the  correct  depth  of  cut  a  in  the  work  (the 


Tool  cut  oat  here 
after  Forming 


To  aait  amount  Auto* 
matic  Tool  Holder  ia 
-  above  Center. 


' 


Master  Tool 


Fig.  id.  —  Finishing  a  Circular  Tool 


cutter  being  milled  below  center  an  amount  represented  by  c)  the 
following  formula  may  be  applied: 


/  =  g  -V g'  +  «'  -  {2a\/g'  -  C). 

Suppose  the  depth  of  cut  in  the  work  represented  by  a  to  be  0.152*; 
the  radius  g  of  the  forming  cutter  i  inch;  the  distance  c  which  the 
forming  tool  is  milled  below  center,  -^  inch.  Applying  the  above 
formula  to  find  /  and  substituting  the  values  just  given  for  the  letters 

in  the  formula  we  have/ =  i  —  V  i  +  .0231  —  (.304  \/i  — .  03516) 

=  I  -  \/ 1  +  .0231  -  (.304  X  .9823) 

^  JT   —   \/ .72448$  =    I   —    .8512    =   .I4S& 

'benj'=  .1^88 
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Dovetail  Tool  Depths 

If  a  similar  piece  of  work  is  to  be  formed  with  a  dovetail  type  of 
cutter,  the  distance  T,  Figs.  7  and  9,  to  which  it  is  necessary  to  plane 
the  tool  shoulder  in  order  that  it  may  cut  depth  a  correctly  in  the 
work,  is  found  by  the  formula:  T  =  a  (cosine  A').  As  10  degrees 
is  the  customary  clearance  on  this  form  of  tool,  the  cosine  of  this 
angle,  which  is  .98481,  may  be  considered  a  constant,  making  refer- 
ence to  a  table  of  cosines  unnecessary  as  a  rule.  Assuming  the  same 
depth  for  a  as  in  the  previous  case,  that  is  .152  inch,  and  multiplying 
by  .98481,  gives  .1496  inch  as  the  depth  of  T  to  which  the  tool  must; 
be  planed. 


DoTetail 
Cutter  Blank 


/  I 


Fig.  II.  —  Finishing  a  Dovetail  Forming  Tool 


While  it  frequently   is  necessary  or  advisable  to  determine  by 
calculation  the  dimension  computed  in  the  preceding  examples,  in 
the  majority  of  cases  when  making  a  cutter  with  a  master  tool  of 
the  same  outline  as  the  model,  the  correct  form  in  the  circular  cutter 
is  obtained  automatically  by  dropping  the  master  tool  to  the  same 
distance  below  the  lathe  center  as  the  circular  cutter  is  to  be  milled 
off  center  and  then  feeding  it  in  to  finish  the  cutter.     This  procedure, 
shown  in  Fig.  10,  assures  the  correct  shape  at  all  poirvts^  be\x\«^^^y^ 
duced  on  the  exact  working  plane  of  l\\e  cMllex .    ^vkvA^A^  ,  vcv  "^'^'^'^'^r 
ing  a  dovetail  cutter  in  the  planer  or  shapei,  \\\^  Tcv«&\fcx  \.c«k^  ^"a^  ^^-^ 
set  as  in  Fig.  11  at  the  same  angle  wilYi  \.\ve  ewWtx  (^>xsv\^^  ^oc^^s^^^ 
as  the  latter  will  afterward  be  applied  to  iVve  vjotV. 
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CIRCULAR  TOOL  FOR  CONICAL  POIWTS 

When  a  circular  cutter  is  to  be  made  for  forming  a  conical  surface 
on  a  piece  as  in  Fig.  1 2,  a  master  tool  of  the  exact  angle  required  on 
the  work  may  be  used  for  finishing  the  cutter  in  the  same  way  as  the 
tool  in  Fig.  9  is  applied;  that  is,  the  master  is  to  be  dropped  below 
center  the  amount  the  cutter  center  is  to  be  above  the  work  center 
when  in  operation.  The  distance  is  represented  by  ^  in  Fig.  12. 
Another  method,  which  avoids  the  necessity  of  making  a  master  tool, 
is  to  set  the  com[)ound  rest  of  the  lathe  to  the  exact  angle  required 
(in  this  case  30  degrees  with  the  center  line)  and  with  a  horizontal 


Cotter   / 


Fig.  12.  —  Circular  Forming  Tool  for  Conical  Points 

cutting  tool  set  at  distance  D  below  center,  turn  off  one  side  of  the 
cutter  blank  and  then  set  the  compound  rest  around  the  other  way 
and  face  off  the  other  side.  If  desired  a  similar  method  may  be 
followed  for  grinding  the  forming  cutter  after  hardening.  The 
arbor  carrying  the  cutter  should  be  located  either  above  or  below 


the  grinding  wheel  a  distance  equal  to  D 


(R  +  r), 


where  D  equals 


the  depth  the  cutter  is  milled  below  center,  r  the  radius  of  the  cutter, 
and  R  the  radius  of  the  emery  wheel.  Assuming  D  to  be  .187  (^) 
Jnch/  Ji,  2.$  inches;  and  r,  i  inch,  the  vertical  distance  between  centers 

of  forming  tool  and  grinding  wheel  centers  would  ec\\ia\  .\%T  ^ ^ 

"  '^^/  (3-5)  =  ,6562  (ii)  inch. 
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Fig.  13.  —  The  piece  to  be  made 


FINDING  DIAMETERS  OF  CIRCULAR 
FORMING  TOOLS 

In  making  circular  forming  tools  it  is  oftentimes  desirable  to  check 
the  finished  tool  or  finish  a  tool  by  grinding.  It  may  also  be  advan- 
tageous to  know  the  exact  diameter  a  tool  should  be  turned  while 
making  it,  in  order  that  calipering  may  be  more  convenient  and 
certain.  Methods  of  computing  the  diameter  at  different  points  are 
given  on  page  252,  but  in  many  cases  of  this  kind  the  following 
tables  will  greatly  facilitate  matters,  particularly  when  making 
circular     forming     tools    for  „ 

Brown   &   Sharpe  automatic    — m\-*— 

screw  machines: 

Suppose,  for  example,  we 
have  a  piece  to  make  like  Fig. 
13,  on  the  No.  2  Brown  & 
.Sharpe  automatic  screw  ma- 
chine. The  largest  diameter 
of  the  circular  forming  tool 
would  produce    the  smallest 

diameter  of  the  piece,  which  is  0.250  inch.  The  difference  between 
this  0.250-inch  diameter  and  the  step  of  the  0.750-inch  diameter 
is  (0.750  —  0.250  inch)  -f-  2  =  0.250  inch. 

The  largest  diameter  of  the  circular  forming  tool  for  the  No.  2 
machine  is  3  inches,  which  corresponds  to  a  radius  of  1.49998  inches 
with  a  base  line  of  1.479  u^ch  for  the  triangle  completed  by  the  per- 
pendicular joining  the  cutting  line  of  the  tool  with  the  parallel  line 
passing  through  the  center  of  the  tool. 

The  hypothenuse  of  the  triangle  is  formed  by  the  radius  joining 
the  intersection  of  the  base  line  and  the  circumference  of  the  tool 
as  in  Fig.  14.  Subtracting  0.250  inch  from  1.479  inches  we  have 
1.229  inches,  which,  in  Table  4,  corresponds  to  a  radius  of  i. 2541 7 
inches,  and  multiplying  by  2  gives  a  diameter  of  2.50834  inches, 
to  which  to  turn  the  cutter  to  correctly  form  the  0.750-inch  diameter 
on  the  piece.  Fig.  13. 

Considering  the  largest  diameter  of  the  piece  and  taking  the  height 

of  the  second  step  above  the  first  diameter,  we  have^^^^ — ""  ^'^^  = 

2 

0.344  inch,  and  subtracting  from  1.479  =  ^-^35  ^^r  the  base  line, 
which,  in  Table  4,  corresponds  to  a  radius  of  1.16221.  Multiplying 
by  2  gives  a  diameter  of  2.3244  to  turn  the  cutter  to  in  order  to  pro- 
duce the  0.938-inch  diameter  on  the  work.  Tables  2,  3  and  4  are 
for  cutters  of  the  dimensions  given  in  Table  i. 

These  tables  are  figured  in  steps  of  0.00 1  inch  for  the  capacity  of 
the  machines.    A  difference  of  a  fractional  part  of  a  thousandth  can 
be  added  to  the  radius  if  the  step  is  a  part  of  a  thousandth  over  the 
base-line  figures,  which  are  given  in  even  thousandths.     For  illus- 
tration:   Say  the  base-line  figure  is  i.^l^^  VcvcJaes*.    \x^  >(ic&  \si!^s& 
1.476  inches  corresponds  to  a  rac^us  ol  i.^<)no2\  ^^^o.ooi^S^sx^v^ 
1,49702  and  the  radius  will  be  as  neat  cottect  as»\X.Ss»  Vt^^'^^^^^^'^^^ 
make  a  cutter. 


2S6     SCREW  MACHINE  TOOLS,  SPEEDS  AND  FEEDS 


"C- 

*iK- 

s. 

,^"l,.. 

oVbS^cX 

^ 

!i: 

1-479' 
...09- 

i;& 

Table  i.  — 

For  Finding  Diauetebs  of 

Circular  Forming  Toots 

FOR  Brown  ft  Sharpe 

No.  00  Automatic  Screw 

Machine 

No.  00 

No  00 

Nooc 

».. 

K.„ 

Lbc 

Radiui 

^^Z 

IUdiu.1 

Line 

Radio. 

ES 

Radius 

i°iTt 

Radius 

_^^ 

■BJfljfi 

8gi 

0OO7J 

S,4 

S6310 

816 

81551 

77B 

78798 

-oao 

Km 

S9573 

8SJ 

8699 

.91S 

iojfija 

858  4 

85s 

8m 

"fi 

78600 

80774 

8sr 

86011 

78301 

:|[^ 

89675 

850 

SS914 

S1150 

.gi4 

:mm5 

887 

li9S?6 

89477 

IS 

8S8.S 

sIJ 

810S8 

8  low 

S71 

78304 

88s 

89J78 

847 

83617 

So, 

81S60 

?8jo^ 

884 

846 

85518 

81761 

.9"" 

-5104* 

89^ 

845 

854!0 

Bo, 

769 

^ao 

.9184; 

S8^ 

844 

85311 

1(06 

s!s64 

7O8 

778.. 

.9>J,6 

SS^j 

lii 

8S.JJ 

80s 

8,465 

767 

'I'tl 

.01647 

841 

8SH3 

81366 

S 

■e=j*a 

n 

^^^? 

SJDM 
84915 

3o3 

76s 

J5j;s 

88s86 

K 

84816 

80J 

sSifio 

76^ 

SB487 

8]8 

84717 

80971 

88)88 

8)7 

84618 

790 

80871 

874 

88189 

8j6 

S45« 

-98 

807-3 

760 

S73 

88190 

83s 

is'Sss 

880,. 

«U 

8«31 

\% 

8os?6 

?58 

409 

.917SS 

87! 

87901 

833 

841  J] 

80477 

.1108 

-0.fls6 

87= 

87893 

8j3 

76616 

-DISS  J 

a 

8;  794 

83. 

403S 

S0179 

76sia 

IS 

.9.458 

8769s 

830 

3936 

80180 

6419 

867 

87596 

810 

i8l7 

80081 

6i30 

866 

8j8 

J73S 

79083 

76131 

.Ollfi. 

10s 

87398 

8j7 

]6jo 

7S9 

79884 

76.33 

864 

826 

j83 

76035 

-Bogfii 

Mj 

87J0I 

S-iS 

7S7 

'Si'a6 

49 

75936 

-00864 

-86 

748 

75837 

is 

-9076s 

8'5 

78s 

70489 

.9C*66 

86904 

J  14s 

784 

?s6il 

■S97 

,90567 

859 

86805 

81' 

83046 

.B4« 

.00468 

8sg 

86706 

81947 

7S1 

^SOS    -00369 

SJ7 

86607 

810 

8^848 

5344 

./w/.pDJ7o/ 

ajft       g6jo8 

8.8 

nSo      is«5 

7S146 

-*u/-(«,7,/ 

«JI  /  S6409 

817 

84651 

779  \      laqb 

\Vi  V^% 

_^          /_ 

/ 

\   \ 
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Table  3.  —  For  Finding  Diai£eters  of  Circular  Forming 
Tools  for  Brown  &  Sharpe  No.  o  Automatic 

Screw  Machine 


N0.0 


Line 


Radius 


No.  o 


N0.0 


Base 
Line 


■n  J-         Base 
J^"«     Liac 


.060 

.059 
.058 

.057 
.056 

.055 
.054 
.053 
.052 

.051 
.050 
.049 
.048 
.047 
.046 

.045 
.044 

.043 
.042 
.041 
.040 

.039 
.038 

.037  i 

.036 ! 
.03s 
.034 
.033 
.032 1 

.031 1 
.030 
.029 
.028  j 
.027 . 
.026  ■ 

.025  ! 
.024  ■ 
.023  I 
.022  ' 

.021  ; 
.020  I 
.019  ■ 

.018  ! 
.017  ' 
.016  . 

•CIS 
.014 
.013 
.012 
.011 

i 


.07646 

07S47  , 
.07448 

■07350 
.07252 

•07153  ; 
■07055  ' 
.06956 
.06857 
.06759 
.06661 
.06563 
.06464  ! 
.06366  I 
.06267  ! 
.06169  [ 

.06070  : 
.05972  j 
.05874  , 
.05775  I 
■05677  : 
.05578  i 
.05480 
.05381 
.05283 
.05185  ' 
.05086  : 
.04988 
.04889 

.04791 
.04693  ■ 

.04594 
.04496 

.04398 

■04299 
.04300 
.04102 
.04004 
.03906 
.03807 

.03709 
.03611 
.03512 
•03414 

.03217 
o^iig 
.0^021 
.02922 

.02H24 


.976  : 


.991S8 

.99090  ■ 

.98991 

.98893 

.98795 

.98697  : 

.98  5  w 

.98501 

.^402 

.98^04 

.(^206 

.98108 

.9H010 


No.  o 


Radius  ?^  I  Radius 


•936  j 


Line 


.97813 
•97715 
.97617 

•97519 
•97421 

.97323 
.97225 
.97127  : 
.97028  I 
.96930  I 
.96832  • 

.96734 
.96636  ' 

.96538  : 
.96440 
.96342 
.96344  . 
.96146  ! 
.96047 
.95949 
-95851 
-95753 
•95655  ' 
•95557 
•95459  ■ 
.95361 
.95263  i 
.95165 
.95067 
.94969 
.94871  : 
•94773  . 
.94675 
.94577 
.94479 
.94381 
.94283 
.94185 
.94087 
.93989 
.93891 
.93793 
.93695 
93597 
.93499 
.93401 
.9330  i 
.93205 


\.    V 


9291 1 

92813 
92715 

92617 

92519 

92421 

92324 

92226 
92128 
92030 
91932 
91834 
91732 
91638 
91540 
91442 

91345 
91247 
91 149 
91051 

90953 
9085s 
90757 

90660 
90562 
90464 
90366 
90268 
90170 

90073 
89975 
89877 

89779 
89681 

89584 

89486 

89388 

89290 

89193 
89095 
88997 
88899 
88802 
88704 
88607 
88508 
8841 1 

88313 


.910 

.909 
.908 
.907 
.906 
•905 
.904 
•903 
.902 
.901 
.900 

•899 
.898 

.897 
.896 

•895 
•894 
.893 
.892 

.891 

.890 

.889 

.888 

.887 

.886 

.885  ' 

.884 

.883 

.882 

.881  I 

.880 ! 

.879! 
.878  i 

•877 1 

.876 ! 

•875 

.874 

•873 

.872 

.871 
.870 
.869 

.868 
.867 
.866 
.865 
.864 
.863 
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Table  4.  —  For  Finding  Diameters  of  Circular  Forming 
Tools  for  Brown  &  Sharpe  No.  2  Automatic 

Screw  Machine 


No.  2 


Base 
Line 


.479 
.478 
.477 
.476 

•475 
.474 
^73 
.47a 
.471 
.470 
.469 
.468 

.467 
.466 

.46s 
.464 

•463 
.462 
.461 
.460 

•459 
.458 
.457 
.456 

455 
.454 
'453 

452 
.451 
.450 
.449 
.448 

.447 
.446 

.445 
•444 
•443 
.44a 
.441 

•440 
•439 
•438 
.437 
•436 
•435 
•434 
•433 
•432 


Radius 


.49998 

.49899 
.40801 
.49702 
.49604 

.49505 
.49406 
.49308 
.49209 
.491x0 
.49012 

.48913 
.48815 
.48716 
.48618 

.48519 
.48421 
.48322 
.48223 
.48125 
.48026 
.47928 
.47829 

•47731 
.47632 

.47534 
.47435 
.47337 
.47238 
•47139 
.47041 
.46944 
.46846 

.46745 
.46647 

.46548 
.46459 
.46351 
.46253 
.46154 
.46056 

.45957 
.45853 
.45759 
.45661 

•45563 
.45464 
.45366 
.45267 


No.  2 


Base 
Line 


/       / 


1.430 
1.429 
1.428 
1.427 
X.426 

x^425 
1.424 
X.423 
X.422 
1^21 
X.430 
X.419 
I.418 
1.417 
I.416 

I  41 5 
1.414 

X.413 
1.4x2 
X.4XX 
X.410 
1.409 
X.408 
1.407 
1.406 
1.405 
1.404 
1.403 
1.402 
X.40X 
1.400 

1.399 
1.398 
1.397 
1.396 
X.39S 
1.394 
1.393 
1.392 
X.39X 
X.390 

1.389 
X.388 

x^387 
1.386 

1.385 
1.384 
i^383 
1.382 
J.381  j 


Radius 


X.45168 
X.45070 
X. 44982 
1.44873 
1^44775 
1.44676 
X.44578 

X.44479 
X.44381 
X. 44282 
X.44184 
1.4408s 
X.43987 
1.43874 
1.43790 
X. 43090 
1.43593 
X. 43495 
143396 
1^43298 

143199 
X. 43 100 
X. 43002 

1.42905 
1.42805 
X. 42707 
X.42608 
1.425x0 
X.424XX 
X. 423x3 

X.422X5 

X.42XX6 
X. 42 1x8 
X.41919 
X.4182X 

1.4x723 
X.41624 
X. 41 5  26 
X.4X427 
X.4I329 
X.4I230 
X.4XI32 

X. 4x033 
X. 4093  5 
X. 40837 
X. 40738 
X. 40640 
X.4054X 
X. 40443 

1-40345 


No.  2 


Base 
Line 


X.380 

X.379 
X.378 

X.377 
X.376 

X.375 
X.374 
X.373 
X.372 
X.37X 
X.370 

X.369 
X.368 

X.367 
1.366 

X.365 
X.364 

X.363 
X.362 
X.361 
X.360 

X.359 
X.358 
X.3S7 
X.356 
x^355 
x^354 
x^353 
X.352 

X.35X 
X.350 
X.349 
X.348 
X.347 
X.346 

X.345 
X.344 
X.343 
X.342 
X.34X 
X.340 
X.339 
X.338 
X.337 
X.336 
X.335 
X.334 
X.333 
X.332 
1.33  X 


Radius 


.40246 
.40x48 
.40050 

39952 
.39853 

39754 
.39656 
•39558 

•39459 
•39360 
.39262 

•39164 
.39066 

•38967 
.38869 

•38770 
.38672 

•38574 
•38475 
•38377 
•38279 
.3818X 
.38082 

•37984 
•37885 
•37786 
•37689 
•37590 
.37492 
.37393 
•37295 
•37197 
.37098 
.37000 
.36902 
.36804 

.36705 
.36607 

.36509 
.364x0 
.363x2 
.362x4 
.36116 
.360x7 

r.3S9X9 
.35820 
.35722 
•35624 
.35526 
•35428 


No.  2 


Base 
Line 


x^330 

X.329 
X.328 

X.327 
1.326 

X.32S 
X.324 
X.323 
X.322 
X.32X 
X.320 

X.3X9 
X.318 

X.3X7 
1.3 16 

X.315 
X.314 
X.3X3 

X.3X2 

X.311 
X.310 

X.309 
X.308 

X.307 
X.306 

X.305 
X.304 
X.303 
X.302 
X.301 
X.300 

X.299 
X.298 

1.297 
X.296 

X.295 
1.294 
X.293 
X.292 
X.29X 
1.290 
X.289 
X.288 
X.287 
1.286 
1.285 
X.284 
1.283 
1.282 
1.281 


Radius 


\ 


X.35329 
X.35231 
X.35133 
1.3503s 
X. 34936 
X.34838 

1.34740 
1.3464X 
X.34S43 
X.34445 
X.34347 
X. 34248 
X. 34x50 
X 3405 2 
X. 33954 
X. 33855 
X.33757 

X. 33659 
X. 33560 
X. 33462 

X. 33364 
X.33266 
X. 33 168 
X. 33069 
X. 3  297 1 
X.32873 
X.3277S 
1.32677 
X.32578 
X.32480 
1.32382 
X. 3  2  284 
1.32186 
1.32087 

1. 3 1989 
X.31891 

1.3x793 
X.3169S 
X. 3 1 596 
1.31498 
1. 3 1400 
1.31301 
1. 3 1 203 
X.31106 
1.31008 
1.30909 
1.308  II 

1.30713 
x.306  IS 

X.30S17 


No.  2 


Base 
Line 


\ 


.280 

•279 
.278 

•277 
.276 

•275 
.274 

•273 
.272 

.27X 
.270 
.269 
.268 

.267 

.266 

.265 
.264 
.263 
.262 
.261 
.260 

.259 
.258 

.257 
.256 

.255 
.254 
•253 
.252 

.251 
.250 
.249 
.248 
.247 
.246 

.245 
.244 

•243 
.242 
.241 
.240 

.239 
.238 

.237 
.236 

.235 
•234 
.233 
.232 
.231 


Radius 


30419 
.30320 
.30222 
.301 24 
.30026 
.29928 
.29830 
.29732 
.29633 
•29535 
.29437 
.29339 
.2924X 

•29x43 
•29045 
•28947 
.28848 
.28750 
.28652 

•28554 
.28456 
.28358 
.28260 
.28162 
.28064 
.27966 
.27868 
.27770 
.27672 

.27574 
•27476 

•27377 
.27279 
.27x8x 
.27083 
.26985 
.26887 
.26789 
.2669X 
.26593 
•26495 
.26397 
.26299 
.2620X 
.26103 
.26005 

.25907 
.25809 
.257x1 
.25613 
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Tools  job  Bkown  &  Sharpe  No.  a  Automatic 

SCBEw  Machine 


26o     SCREW  MACHINE  TOOLS,  SPEEDS  AND  FEEDS 


HARDENING  SPRING  COLLETS  AND  FEED  CHUCKS 

Before  hardening  collets  it  is  common  practice  to  open  them  some- 
what to  insure  their  having  a  given  tension  after  hardening  and 
tempering  so  that  they  will  open  and  release  the  stock  the  instant 
they  are  themselves  freed  by  the  chucking  mechanism.  This  opening 
of  the  chuck  must  be  carefully  attended  to  or  an  eccentric  and  un- 
satisfactory job  will  result.  Sometimes  a  simple  fixture  having  a  cone 
pointed  spindle  is  used  for  this  purpose,  the  collet  being  held  centrally 
while  the  cone  plunger  is  forced  between  the  chuck  jaws  to  open  them 
evenly  the  necessary  amount.  No  matter  how  much  care  is  taken  in 
this  operation,  the  effect  is  lost  imless  the  hardening  is  properly  at- 
tended to  and  only  grinding  will  produce  a  perfectly  true  coUet. 

Preventing  Distortion.  —  Some  toolmakers  take  the  precaution  of 
leaving  a  thin  fin  of  metal  at  the  front  end  of  the  collet  in  each  saw 
slot  3,3  Sit  A,  Fig.  IS,  in  order  that  when  hardened  there  shall  be  no  chance 

of  distortion  due  to  im- 
equal  springing  of  the 
jaws.  This  metal  tie  or 
bridge  at  the  ends  of  the 
jaws  is  removed  by  grind- 
ing out  with  a  thin  slitting 
wheel  or  lap.  Another 
method,  shown  at  B,  also 
leaves  a  narrow  ring  at 
the  front  end  to  run  on 
grinder  center  while  collet 
is  ground  outside.  The 
^^^'  ^5  ring  at  the  end  of  the  nose 

may  be  ground  off  leaving  the  collet  ready  for  use. 

Another  method  of  preventing  trouble  in  hardening  is  to  insert  a 
piece  of  metal,  say  s\  inch  thicker  than  the  width  of  the  saw  slot,  in 
the  front  end  of  the  slots  and  then  wire  the  nose  of  the  chuck  tightly 
so  as  to  retain  the  steel  pieces  during  the  hardening  process.  The 
collet  must  be  heated  uniformly  and  dipped  so  as  to  insure  all  three 
prongs  being  cooled  simultaneously.  With  the  best  of  care  a  collet 
that  is  hardened  but  not  ground  afterward  will  generally  require 
touching  up  on  the  conical  portion  of  one  or  two  of  the  prongs  to  insure 
its  running  true.  It  is  not  difficult,  however,  to  make  the  collet  run 
true  within  0.002  inch  by  polishing  one  or  two  prongs. 

In  order  that  the  collet  may  close  parallel  it  must  be  fairly  long  and 

the  outside  of  each  prong  or  jaw  may  be  relieved  by  filing  so  as  to 

insure  its  bearing  along  the  center  line. on  the  conical  surface.     It 

must  be  carefully  tempered  at  the  ends  of  slots  to  prevent  breaking. 

Feed  Chucks.  —  Feed  chucks  need  no  such  refinement  in  their 

production.    They  are  usually  closed  after  slitting  on  opposite  sides 

so  that  after  hardening  they  will  maintain  a  constant  grip  on  the 

stocA  su^cient  to  feed  it  forward  when  it  is  released  by  the  chuck. 

TAe  Idea  is  indicated  at  6*,  'Pig.  15.     OrdinarWy  tVie  \vo\t  lot  \}ne:  ?»\.ocVl 

^ow/c/  be  bored  a  little  over  size  otherwise  \\\e  comtt?>  o\  \>cve;  leeA. 

cJ2uckjaws  wben  drawn  back  over  the  stock  mU  ma.t  Wv^  ?.Mtl^.Q,^. 
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SPEEDS  AND   FEEDS   FOR   SCREW   MACHINE    WORK 

The  accompanying  tables  of  speeds  and  feeds  for  different  types 
of  tools  used  on  materials  commonly  worked  in  the  automatic  screw 
machine  have  been  compiled  from  data  accumulated  and  thoroughly 
tested  during  extended  experience  in  this  class  of  work. 

It  is,  of  course,  impossible,  where  a  series  of  tools  is  used  on  an 
automatic  machine,  to  select  speeds  theoretically  correct  for  every 
tool  carried  by  the  turret  and  cross  slide.  A  compromise  is  necessary 
and  therefore  speeds  are  selected  which  will  fall  within  the  range 
suitable  for  the  different  tools. 


Speeds  and  Feeds  for  Turning 

Tables  i  and  2,  page  261,  cover  turning  speeds  and  feeds  for  bright- 
drawn  stock  (screw  stock)  and  brass,  with  various  depths  of  chip  (that 
is,  stock  removed  on  a  side)  from  ^^  up  to  \  inch.  These  feeds  and 
speeds  and  depths  of  cut  are  figured  more  especially  for  such  tools 


Table  3.    Speeds  and  Feeds  for  Finish  Box  Tool 


Screw  Stock 

Brass  Rod 

•BS-a 

nishi 
Woi 

Feet 

Rev. 

Feed 

Feet 

Rev. 

Feed 

g-^  0.J5 
g-5:3rt 

Eg-S 

Surface 

per 

per 

Surface 

per 

per 

<'So§ 

Speed 

Min. 

Rev. 

Speed 

Min. 

Rev. 

i 

80 

2445 

.0045 

180 

5500 

.0045 

.0025 

A 

70 

1426 

•0055 

180 

3668 

•0055 

.0025 

i 

65 

993 

.0075 

180 

2750 

.0075 

.0045 

i 

60 

458 

.oil 

180 

1375 

.011 

.006 

i 

60 

305 

.012 

180 

917 

.012 

.006 

I 

60 

'229 

.012 

175 

668 

.012 

.0065 

li 

55 

140 

.014 

170 

433 

.014 

.007 

2 

50 

95 

.014 

170 

325 

.014 

.008 

• 

With  high  speed  steel  tools  the  above  speeds  may  be  increased  about  30  per  cent 
and  feeds  10  to  20  per  cent. 

as  roughing  boxes  where  the  cut,  though  frequently  heavy,  is  taken 
by  a  single  cutting  tool.     For  a  ^^-inch  chip  the  feeds  for  various 
diameters  of  stock  are  practically  midway  between  those  tabulated 
for  i-and  J-inch  chips.     The  feed  per  revolution  for  |  ':hip  taken  on 
diameters  ij  inch  and  larger  is  the  same  as  given  fc.  ^  inch  chip, 
tAe  speed  also  being  the  same  for  corresponding  diameters.     Where 
Jio/Jow  mills  are  used  on  steel  and  the  work  is  divided  a,moiv^  three 
or  more  cutting  edges  the  feed  per  revolutloiv  ior  2,  ^IvtTv  de^\\\  oi 
^^  is  about  2S  per  cent  coarser  than  given  ior  box  loo\s»\  >N\\:tv  \>qiOc\ 
^«ses  of  tools  the  feeds  are,  of  course,  increased  as  \\ve  dvameltx  ol 
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the  stock  increases,  the  peripheral  speeds  being  reduced  as  the  feeds 
grow  coarser.  The  speeds  and  feeds  for  finishing  box  tools  as  used 
on  screw  stock  and  brass  are  given  in  Table  3,  the  last  column  indi- 
cating the  amount  of  stock  which,  generally  speaking,  it  is  advisable 
to  remove  in  order  to  produce  a  good  surface. 

Forming-tool  Speeds  and  Feeds 

Speeds  and  feeds  for  forming  tools  are  given  in  Tables  4  and  5. 
It  will  be  seen  that  after  a  work  diameter  of  about  i  inch  has  been 
reached,  a  tool  about  J-inch  wide  is  adapted  to  take  the  coarsest 
feed,  tools  from  this  width  up  to  approximately  ^^  (such  as  com- 
monly employed  for  cut  ting-off  purposes)  admitting  of  heavier 
crowding  as  a  rule  than  either  the  narrower  or  wider  tools. 


Table  4 

..    Speeds  for  Forming 

t 

Screw  Stock 

Brass  Rod 

•a 

Screw  Stock 

Brass  Rod 

1 

0 

1 

"S 

Feet 

Rev. 

Feet 

Rev. 

0 

Feet 

Rev. 

Feet 

Rev. 

c9 

Surface 

per 

Surface 

per 

■ 

Surface 

per 

Surface 

per 

Q 

Speed 

Min. 

Speed 

Min. 

0 

Speed 

Min. 

Speed 

Min. 

i 

75 

2292 

200 

6II2 

I 

60 

360 

175 

1050 

A 

75 

1528 

200 

4074 

} 

60 

30s 

175 

882 

i 

70 

1069 

185 

2827 

I 

60 

229 

175 

667 

1 

65 

662 

18S 

1885 

Ij 

60 

153 

170 

432 

i 

65 

497 

18s 

I4I4 

2 

50 

96 

170 

324 

With  high  speed  steel  tools  the  above  speeds  may  be  increased  about  30  per  cent. 

Table  5.    Feeds  for  Forming  Tools 


Width 

Smallest  Diameter  of  Form 

of 
Form 

1^ 

i 

f.x 

i 

i 

h 

i 

I* 

A 

.0007 

.0008 

.001 

.0012 

.0012 

.0012 

.0012 

.0012 

.0005 

.0008 

.001 

.0012 

.0015 

.0020 

.0025 

.0025 

.0007 

.001 

.001 

.0015 

.0015 

.0018 

.0018 

.0009 

.CGI 

.001 

.0012 

.0015 

.0015 

.0008 

.0009 

.001 

.001 

.0015 

.0015 

.0008 

.0009 

.001 

.0011 

.0012 

I 

.0008 

.0009 

.001 

.0012 

li 

.0007 

.0007 

.0009 

.0011 

2 

, 

1 

\ 

\^.ooQr\ 

k.c^v 

With  cutting-oS  tools  of  hi.'h  speed  steel  the  above  Iced^  xsjaL^  \»  Vsvcwas*^  va"^ 
^o  per  cent. 
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Drilling  Speeds  and  Feeds 

Drilling  speeds  and  feeds  are  given  in  Table  6,  While  these 
speeds  are  based  on  much  higher  peripheral  velocities  than  drill- 
makers  as  a  rule  recommend  for  general  purposes,  it  should  be 
noted  that  conditions  for  drilling  in  the  automatic,  on  the  ordi- 
nary run  of  work,  are  usually  ideal  so  far  as  lubrication,  steadi- 
ness of  feed,  etc.,  are  concerned,  and  it  is  possible  where  the  holes 
drilled  are  comparatively  shallow  and  the  drill  has  ample  oppor- 
tunity for  cooling  during  operation  of  the  other  tools,  to  maintain 
speeds  that  would  be  considered  too  high  to  be  attempted  in  general 
shop  practice. 


Table  6.    Drilling  Feeds  and  Speeds 


Screw  Stock 

Brass  Rod 

1 

•s 

• 

eit 

0 

Screw  Stock 

Brass  Rod 

=3 

s 

•s 

• 

CO 

i5 

Feed 

Rev. 

of 
DriU 

R.P.M. 
at 

60  Ft. 

Periph- 
eral 
Speed 

Feed 
per 
Rev. 

R.P.M. 

at 

175  Ft. 
Periph- 
eral 

Speed 

Feed 
per 
Rev. 

R.P.M. 

at 
SS  Ft. 
Periph- 
eral 
Speed 

Feed 

per 

Rev. 

R.P.M. 

at 
i6s  Ft. 
Periph- 
eral 
Speed 

A 

A 

1 

t 

i 

A 

.0013 

.0016 

.0018 

.0025 

.003 

.004 

.004 

.0045 

.0045 

.0045 

.0045 
.005 

3667 

2933 

2445 

1833 
1421 

1222 

1048 
916 

815 

733 
611 

524 

.0017 

.002 

.0023 

•0033 
.0039 

.0052 

.0052 

.0058 

.0058 

.0058 

.0061 

.0065 

10696 

8555 
7130 
5348 
4144 
3565 
3050 
2674 

2377 

2139 

1783 
1528 

i 

i 

i 
i 

I 

li 
il 
li 

2 

.005 

.0057 

.0059 

.006 

.0065 

.0075 

.0085 

.0095 

.oil 

.013 

.014 

420 

373 
33^ 
305 
280 

240 

50  Ft. 

191 

152 
127 
109 

96 

.0065 
.0074 
.0077 
.0078 
.0084 
.0097 

.0110 
.0123 
.0143 
.0169 
.0182 

1260 

1 1 20 

1008 

917 

84 
702 
150  Ft. 

573 
458 
382 

327 
294 

With  high  speed  drills  the  above  speeds  may  be  increased  about  30  per  cent. 


Speeds  and  Feeds  for  Reaming 

Table  7  is  made  up  of  speed   and   feed   data   for   reamers.     In 
this  table  the  feed  for  different  classes  of  material  has  been  consid- 
ered as  constant  for  any  given  diameter  of  reamer,  although  it  is 
probah)e  that  with  certain  materials,  especially  on  brass  alloys,  etc., 
f/je  feed  per  revolution  might  be  increased  somewhat,  to  advantage, 
over  the  rates  given.     These  feeds  have  beetv  \.aV>\i\aXtd,  Vow^n^t,  ^& 
'/^ted^"^'"^  Ay^^/i/y   satisfactory   practice  m  TeaiimTv^  V\v^  xev^VetvaX's* 
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Table  7.    Reaming  Feeds  and  Speeds 


b 

Rev.  per  Mm. 

» 

Rev.  per  Min. 

Feed 

Amount 
to 

Feed 

Amount 
to 

s 

^ 

^v. 

Remove 

Screw 

Brass 

o< 

per 

Remove 

Screw 

Brass 

0 

on 

Stock 

Rod 

*S 

Rev. 

on 

Stock 

Rod 

« 

Dia. 

at 

at 

• 

.2 

Dia. 

at 

at 

0 

40  Ft. 

130  Ft. 

0 

40  Ft. 

1 30  Ft. 

i 

.005 

.0045 

1222 

3972 

li 

.018 

.010 

122 

397 

A 

.006 

.0045 

815 

2648 

li 

.020 

.010 

102 

331 

J 

.007 

.cx)6 

611 

1986 

If 

.022 

.010 

87 

284 

1 

.0085 

.006 

407 

1324 

2 

.024 

.013 

76 

248 

\ 

.0105 

.008 

306 

993 

2I 

.026 

.013 

68 

220 

t 

.012 

.008 

245 

795 

2i 

.028 

.013 

61 

199 

1 

.014 

.008 

204 

662 

2i 

.030 

.013 

56 

181 

I 

.016 

.010 

153 

497 

3 

.032 

.013 

51 

165 

With  high  speed  reamers  the  above  speeds  may  be  increased  about  20  per  cent 

Threading,  Counterboring,  Etc. 

Table  8  explains  itself  and,  while  giving  speeds  for  threading  work 
with  dies,  should  be  of  equal  value  in  establishing  speeds  for  tapping. 

Table  8.    Speeds  for  Dies.    Standard  Threads 
with  high-speed  steel  dies 


1 

Screw  Stock 

Brass  Rod 

-% 

a 

f^ 

Screw  Stock 

Brasj 

5  Rod 

H 

0 

Feet 

Rev. 

Feet 

Rev. 

"3 

Feet 

Rev. 

Feet 

Rev. 

i 

Surface 

per 

Surface 

per 

• 

Surface 

per 

Surface 

per 

Speed 

Min. 

Speed 

Min. 

Q 

Speed 

Min. 

Speed 

Min. 

\ 

40 

1222 

135 

4126 

\ 

35 

178 

115 

586 

i 

40 

611 

125 

1909 

I 

30 

115 

lie 

420 

i 

35 

•356 

120 

1222 

li 

30 

92 

100 

306 

i 

35 

267 

120 

917 

li 

30 

76 

90 

229 

\ 

35 

210 

120 

715 

2 

25 

48 

«5 

162 

For  carbon  steel  dies  run  at  50  to  75  %  of  above  speeds. 


For  feeds  for  counterbores  from   j  inch   to   2   inches   diameter. 
Tables  i  and  2  for  turning  may  be  followed  where  the  coutitethck\^s» 
cut  to  a  depth  from  one  half  to  three  quarlets,  \.\ve\T  ^\2jKv^\fc\.    ^^^^. 
cutting  deeper  than  about  one  diameter,  lV\e  ieed?,  s\vow\^\ifc  e^^tcx^'asR^^ 

in  such  depths  it  is  well  to  withdraw  lV\e  cowx\\fct\iOT«i  ^v^rssv>^  v 

cutting  operation  to  free  it  from  chips. 
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TABLE  OF  DIAMETERS  OF  SHELL  BLANKS 

The  table  shows  the  diameters  of  blanks  for  shells  i  x  J  inch  to 
6x6  inches  inclusive,  by  i  inches.  The  figures  were  obtained  by 
the  formula  given  on  page  267: 


D  =  Vd(  d+  4  h) 
where, 

d  =  Diameter  of  finished  shell. 
k  =  Hight  of  finished  shell. 

They  were  also  checked  by  figuring  on  the  area  of  the  metal. 
If  it  is  desired  to  punch  the  metal  in  one  or  more  operations, 
get  the  mean  hight  of  the  shell  by  the  following  formula; 

m  =  — 
where  T 

m  =  Mean  hight  of  finished  shell. 

h  =  Hight  of  finished  shell. 

t    =  Thickness  of  finished  shell. 

T  =  Thickness  of  metal  before  drawing. 

Suppose  for  example,  a  shell  2  inches  diameter  by  6  inches  high; 
thickness  of  metal  before  drawing,  0.040  inch;  finish  thickness  of 
shell,  0.020  inch.    Then 

m  =  *i  =  '^  X  0.020  ^  ^  .^^^ 
T  0.040 

By  using  this  hight,  from  the  table  we  find  a  shell  2  inches  diameter 
by  3  inches  high  requires  a  blank  5.29  inches  diameter. 

When  the  shell  has  rounded  comers  at  the  bottom,  subtract  the 
radius  of  the  comer  from  the  figures  given  in  the  table.     Thus,   in 


^ r" 


T=ir 

Fig.  13 

the  last  example,  suppose  the  shell  to  have  a  radius  of  \  inch  on 
the  comer;  5.29  —  0.125  =  5.165  inches,  the  required  diameter 
of  the  blanks. 

When  a  shell  has  a  cross-section  similar  to  the  ones  shown  in 
Fig.  13,  the  required  blank  diameter  may  be  calculated  by  the  fol- 
lowing formula:  

d  =  1.1284-y— , 
where  ^  ^ 

d   =  Diameter  of  blank  in  inches; 
fr  =  Weight  of  sheU; 
ze^   =  Weight  of  one  cubic  incYiol  the  meXAiV, 

/     =  Thickness  of  shell. 
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DiAMEHEM  OF  Blanks  for  Shells,  J  x  I  Inch  to  6  x  6  Inches 
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PUNCH  AND  Dm  ALLOWANCE  FOR  ACCURATE 

WORK 

In  the  blanking,  perforating  and  formipg  of  flat  stock  in  the  power 
press  for  parts  of  adding  machines,  typewriters,  etc.,  it  is  generally 
desired  to  make  two  different  kinds  of  cuts  with  the  dies  used.  First, 
to  leave  the  outside  of  the  blank  of  a  semi-smooth  finish,  with  sharp 
comers,  free  from  burrs,  and  with  the  least  amount  of  rounding  on 
the  cutting  side.    Second,  to  leave  the  holes  and  slots  that  are  per- 


\-  Punch 


Fig.  14.  —  Blanking  Tools 


Punch 


Fig.  15.  —  Perforating  Tools 


forated  in  the  parts  as  smooth  and  straight  as  possible,  and  true  to 
size.  The  table  given  is  the  result  of  considerable  experimenting 
on  this  class  of  work,  and  has  stood  the  test  of  years  of  use  since  it 
was  compiled. 

The  die  always  governs  the  size  of  the  work  passing  through  it. 

The  punch  governs  the  size  of  the  work  that  it  passes  through.     In 

blanking  work  the  die  is  made  to  the  size  of  the  work  wanted  and 

^e  punch  smaller.     In  perforating  work  tYie  pwxvcYv  \?>  xwa.^e^  Xo  xX^a 

^^  of  the  work  wanted  and  the  die  larger  Oaatv  V\vt  pxmOcv.    T>Qfc 

ciearaace  between  the  die  and  punch  governs  the  icsvi\\s  o\iX^vcie^. 


CLEARANCE  FOR  PUNCHES  AND  DIES 
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Figs.  14  and  15  show  the  application  of  the  table  in  determining 
the  clearance  for  blanking  or  perforating  hard  rolled  steel  .060  inch 
thick.  The  clearance  given  in  the  table  for  this  thickness  of  metal 
is  .0042,  and  Fig.  14  shows  that  for  blanking  to  exactly  i  inch  diam- 
eter this  amount  is  deducted  from  the  diameter  of  the  punch,  while 
for  perforating  the  same  amount  is  added,  as  in  Fig.  15,  to  the  diameter 
of  the  die.  For  a  sliding  fit  make  punch  and  die  .00025  to  .0005  inch 
larger;  and  for  a  driving  fit  make  punch  and  die  .0005  to  .0015  inch 
smaller. 

Table  of  Allowances  for  Punch  and  Die  for  Different 

Thickness  and  Materials 


Thickness  of  Stock 
Inch 

Clearance  for  Brass 

and  Soft  Steel 

Inch 

Clearance  for  Medi- 
um Rolled  Steel 
Inch 

Clearance  for  Hard 

Rolled  Steel 

Inch 

.010 

.0005 

.0006 

.0007 

.020 

.001 

.0012 

.0014 

.030 

.0015 

.0018 

.0021 

.040 

.002 

.0024 

.0028 

.050 
.060 

.0025 
.003 

.003 
.0036 

•003s 
.0042 

.070 
.080 

.0035 
.004 

.0042 
.0048 

.0049 
.0056 

.090 

.004S 

.0054 

.0063 

.100 
.110 
.120 
.130 
.140 

.005 

•OOSS 
.006 

.006s 
.007 

.006 

.0066 

.0072 

.0078 

.0084 

.007 

.0077 

.0084 

.0091 

.0098 

.150 
.160 

.007s 
.008 

.009 
.0096 

.OIOS 
.0112 

.170 
.180 

.0085 
.009 

.0102 
.0108 

.0119 
.0126 

.190 

.0095 

.0114 

.0133 

.200 

.010 

.012 

.014 

CLEARANCE  FOR  PUNCHES  AND  DIES  FOR 

BOILER  WORK 

The  practice  of  the  Baldwin  Locomotive  Works  on  sizes  up  to  1} 
inches  is  to  make  the  punch  ^  inch  below  nominal  size  and  the  die 
^  inch  above  size,  wWch  gives  -^  inch  clearance.     Myya^  i\*\!C!ksJioiR& 
the  punches  are  made  to  nominal  size  and  lYie  d\es»  -J^mOci"W^^^^«*«^*^!!^ 
allows  the  same  clearance  as  before.    TYie  ta-v^x  ow  ^x^s^'V^^'^  ^ 

inches  is  i  inch  in  12;  on  sizes  above  x\  mc^ies  \\- Ss. '^^m^^  ^^^sas*  <=» 

inch  in  12  inches. 
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LUBRICANT  FOR  PRESS  TOOLS 

Although  there  are  some  shops  in  which  no  lubricant  is  used 
when  working  sheet  metal,  and  where  good  results  are  obtained,  still 
it  is  best  to  use  a  lubricant  on  all  classes  of  sheet-metal  work. 

For  all  cutting  dies  on  brass  and  steel  a  heavy  animal  oil  is  best. 
Pure  lard  oil  is  very  satisfactory,  although  expensive. 

When  punching  copper,  or  German  silver,  a  thin  coating  of  lard 
oil  or  sperm  oil  should  be  spread  over  the  sheets  or  strips  before 
punching.  A  good  way  to  do  this  evenly  is  to  coat  one  sheet  thickly 
and  then  feed  it  through  a  pair  of  roUs,  after  which  a  number  of  other 
sheets  may  be  run  through  the  rolls  and  thus  coated  evenly.  For 
drawn  work  this  method  of  coating  the  sheets  from  which  the  shells 
are  to  be  drawn  will  be  found  to  be  the  best,  as  the  coating  of  oil  on 
the  stock  will  be  very  thin  and  it  will  not  be  found  necessary  to  clean 
the  shells  afterward,  the  oil  having  disappeared  during  the  blanking 
and  drawing  process.  When  oil  is  applied  with  a  pad  or  brush  the 
coating  will  be  so  thick  that  it  will  be  necessary  to  clean  the  article 
produced. 

Drawing  Steel  Shells 

In  drawing  steel  shells  a  mixture  of  equal  parts  of  oil  and  black 
lead  is  very  useful,  and  while  it  may  be  used  warm  it  does  not  affect 
the  work  as  much  as  the  speed  of  the  drawing  press  does;  the  thicker 
the  stock  the  slower  must  be  the  speed  of  the  punch.  A  heavy 
grease  with  a  small  proportion  of  white  lead  mixed  in  with  it  is  also 
recommended  for  this  purpose. 

If  the  drawing  die  is  very  smooth  and  hard  at  the  corner  of  the 
"draw,"  or  edge  of  the  die,  the  liability  of  clogging  will  be  reduced 
to  a  minimum.  Often  it  will  help  to  give  to  the  die  a  lateral  polish 
by  taking  a  strip  of  emery  cloth  and  changing  the  grain  of  the  pohsh 
from  circular  to  the  same  direction  as  the  drawing. 


Lubricants  for  Brass 

For  drawing  brass  or  copper  a  clean  soap  water  is  considered  most 
satisfactory.  One  of  the  largest  brass  firms  in  this  country  uses  a 
preparation  made  by  putting  15  pounds  of  Fuller's  soap  in  a  barrel 
of  hot  water,  and  boiling  until  all  the  lumps  are  dissolved.  This 
is  used  as  hot  as  possible.  If  the  work  is  allowed  to  lie  in  the 
water  until  a  slime  has  formed  on  the  shell  it  will  draw  all  the 
better.  A  soap  that  is  strong  in  resin  or  potash  will  not  give 
good  results. 

In  drawing  zinc  the  water  should  be  hot,  or  the  percentage  of  broken 
shells  wiU  he  large. 

Aluminum  Is  an  easy  metal  to  draw,  but  it  hardens  up  very 
uickly.     For  lubricants  lard  oil,  melted  Russvarv  taWo^N  aiv4  x^^Oi- 
e  are  alj  good.      The  lubricant  should  be  appWed  to  \ioV\v  4dfc?. 
«  ^Ae  metal 


BROACHES  AND   BROACHING 

Broaching  is  being  used  more  and  more  to  finish  holes  and  even 
for  slots  and  the  outside  of  pieces  of  work.  In  most  cases  it  is  used 
to  change  a  round  hole  to  a  square  or  other  shape,  such  as  the  four 
or  ten  key  ways  used  in  automobile  transmission. 

The  chip  cut  by  each  tooth  varies  from  o.ooi  to  0.007  inch,  accord- 
ing to  the  material  being  cut  and  the  accuracy  required.  The  teeth 
are  usually  undercut  from  6  to  10  degrees  to  give  a  curl  to  the  chip, 
while  the  top  clearance  is  about  30  degrees.     Some  English  practice 


The  First  Chip  The  L>Bt  Chip       Section  of  Broached  Hole 

Fic.  I 

undercuts  25  degrees,  having  top  nearly  flat  The  distance  between 
teeth  varies  according  to  the  length  of  the  hole  being  broached,  the 
spacing  being  larger  for  long  holes  so  as  not  to  have  too  many  teeth 
engaged  at  once,  three  being  a  good  number.  Spacing  varies  with 
length  of  hole. 

In  broaching  square  holes  from  the  round,  or  in  other  cases  where 
there  is  a  decided  change  of  shape,  the  first  teeth  take  the  widest 
cut  as  at  ^,  Fig.  i.     This  evens  up  the  work  of  the  different  teeth 


0  the  length  of  surface  ci 


s  the  hole  approaches  a  square  a 


The  blank  for  the  cutting  part  of  each  broach  is  first  turned  taper 
by  an  amount  equal  to  the  total  cut  of  the  teeth.     The  tooth  spaces 
are  then  turned  i  inch  apart  and  about  /j  inch  deep,  this  depending 
on  the  diameter  of  the  broach,  as  it  nwal  not  \«  \Kift»!i."i  ^>at»*^*^ 
it  is  then  milled  /|  inch  square  as  shown.    "n^eVon^et  \i.«sNiOv«.  "St*:- 
more  chip  room  mast  be  provided. 
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Wbere  the  hole  or  other  sur&ce  to  be  broached  is  short,  the  teeth 
ate  often  cut  on  an  angle  to  give  a  shearing  cut.  This  is  also  done 
to  prevent  chatter  at  times,  another  remedy  being  to  space  the  teeth 
unevenly  as  with  reamers. 

The  solid  broach  is  used  more  than  any  other.     But  as  tool  steel 
b  apt  to  ifHing  in  hardening,  and  to  break  out  teeth  at  times,  some 
use  built-up  or  sectional  broaches,  espe- 
cially on  targe  work  where  the  soUd 
broach  costs  heavily.    Some  use  low 
^  carbon  steel,  case  hardened.      These 
I  sectional  broaches  are  made  in  a  variety 
I  of  ways,  Figs,  i  to  4  showing  a  few 
examples.     In  Fig.  1  sections  are  set  in 
on  the  side,  while  in  Figs.  3  and  4  the 
sections  are  practically  disks  held  on  a 
central  arbor      In  some  cases  several 
ion      F  g   4  15  made   n  the  same  way  for 
1    ng  66   eeth     o  diametral  pitch  and  ) 
oot     h    las   three   ee  h  being  straight 


Fig.  3 


teeth  are  made  on  one  sect 
broa  hing  m  emal  gears  h 
inch  a-e      Each   00th   ut 


Fic.  4 


BROAcmnG  ROUND  HOLES 
Round  holes  have  been  broached  instead  of  reamed  in  some  places 
for  many  years  and  the  practice  is  growing.  It  was  formerly  con- 
fined to  soft  metal,  such  as  shaft  bearings,  but  is  now  being  made 
to  cover  all  the  metals,  in  some  few  cases  broaching  from  a  cored 
hole.  For  small  work  a  small  arbor  press  with  a  sort  of  sub-press 
can  be  used  to  advantage.  For  larger  work  the  arbor  press  operated 
by  power  is  very  good  and  of  course  the  regular  broaching  machine 
can  be  used  in  any  case. 

Two  btoachts  used  in  one  shop  are  shown  in  Fig.  5,  other  sizes 
can  be  made  in  proportion.  These  were  used  In  a  hand  arbor  press. 
The  first  5  or  6  teeth  do  most  of  the  cutting  as  these  broaches  only 
finish  the  holes  instead  of  reaming.  In  some  cases  with  broaches  for 
soft  metal  bearings  and  even  in  cast  iron,  the  Urge  end  is  left  plain 
and  a  trifling  amount  larger  than  the  last  tooth.  It  then  acts  as  a 
burnisher  and  compresses  the  metal.     This  requires  a  large  amount 

In  broaching  round  holes  in  cast  iron,  the  broach  was  made  from 

aooos  to  0.0003  inch  larger  than  the  nominal  size  and  the  land  was 

a-oix  as  shown.     The  boles  were  drilled  dose  W  siie  so  as  to  leave 

f^fZ  ^f^^  wort  for  the  broach.     In  this  case  about  o.coi  "voiii  ^laa 


BROACHING  SQUARE  HOLES  375 

The  comparison  between  broaching  and  reaming  in  this  case  i; 
■     sting.     The  reamers  would  wear  appreciably  below  s: 
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TO  SAVE  TIME  IM  BROACHING  On^  SQUARE  HOLES 

The  fit  of  the  gears  on  a  square  shaft  depends  almost  entirdy 
on  the  flat  surfaces  at  or  near  the  comers.  With  this  in  mind,  it  is  an 
economy  to  bore  or  drill  the  round  hole  in  the  gear  sKghtly  larger  than 
the  diameter  across  the  flats  of  the  squateil  shaft  as  shown  in  Fig  6 

Taking  a  li-inch 
square  shaft  and  bor- 
ing the  hole  ^g  inch 
larger  ot  tft  inches  in 
diameter,  we  see  in 
the  illustration  exact- 
ly what  this  would 
mean.  The  amount 
of  metal  to  be  cut  out 
would  be  materially 
reduced,  the  portion 
A  to  B  not  being 
touched  by  the  broach 
in  any  way.  Yet  the 
remaining   surface  in 


theci 


-s  would  be  ample  1 


y  all  the  load  of  the  gears  at  work, 


The  center  relief,  as  shown,  gives  considerable  added  chip  space  as 
well  as  reduces  the  amount  of  chip,  thus  allowing  a  heavier  chip  per 
tooth.  This  may  dther  reduce  the  length  of  the  broach  or  allow  a 
longer  hole  (such  as  two  gears  at  once)  to  be  broached  with  the  same 
length  of  broach. 

ITie  set  of  7  broaches  shown  in  Fig.  7  show  the  practice  of  the 
Brown  &  Sharpe  Mfg.  Co.  in  making  automobile  transmission  gears. 
The  gears  ace  of  a  tough  alloy  steel  making  t\ie  1  ■oetewa.vj  xo  ^x»st 
an  accurate  hote  of  ij  inches  across  l^e  ia.\%.    ta.'ii'Dt'ia.dv-a  -^ 
inches  long,  the  cutting  portion  being  on\y  ^.^\  vatties.    "^^f^  ■™**-  ' 
„/t„«.-_.  .!.„...-_,_  - n  bercaday  seen. 


ot  holding  ihe  afiank  c 
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SDC-SPLINE  FITTINGS 
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lOSpUneFittingB 


io-Spune  Fittings  pok  Automobiles 
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BOLTS,   NUTS  AND   SCREWS 
U.  S.  STANDAIID  BOLTS  AMD  NUTS 

The  U.  S.  Standard  for  bolts,  nuts,  etc.,  caUed  also  Sellers'  Stand- 
ard, Franklin  Institute  Standard,  and  American  Standard,  was  recom- 
mended in  1864  by  the  Franklin  Institute  for  general  adoption  hy 
■      !rs.     (See  Note). 
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FotlimofTlirMd 

n 

■5-s 

1 

1 

U 

& 

■^ 

i.9 

is 

u 

M 

1 

°c 

t 

1 

V 

Ji 

_2 

tl 

ii 

rs. 

i% 

\ 

iO~ 

■049 

.037 

2;q 

3JO 

470 

^l8^ 

v)° 

300 

7^o 

rS 

.077 

-04S 

450 

790 

580 

77° 

340 

450 

A 

16 

.068 

680 

Sjo 

1,190 

830 

510 

6S0 

14 

.150 

.09^ 

93° 

1,170 

1,630 

1.130 

1,500 

930 

13 

.196 

1,260 

1,570 

1.470 

1,960 

940 

i,.6o 

.24S 

!l62 

1,620 

3,030 

2,840 

1,860 

2,480 

.,620 

•307 

.20= 

2,520 

3,530 

3,300 

3.07° 

1,510 

^42 

.302 

3,020 

3.770 

5.29° 

3.310 

4.420 

2,270 

3,020 

9 

.601 

4,190 

5,240 

7i34o 

4,510 

6,010 

3.150 

4,190 

« 

.785 

■5Si 

S.5'° 

6,890 

9,640 

5,8^ 

7.850 

4.130 

5.S'o 

1 

■951 

■693 

6,930 

8,660 

:z,i3o 

7.45° 

9.940 

5.'o° 

6.930 

7 

.890 

8,890 

15.57° 

9.200 

■3.270 

6,670 

8,900 

6 

■■485 

I.DS4 

[o,S4o 

.3,.  80 

18,45° 

11.140 

■4.850 

7,910 

10,540 

6 

1.767 

12,940 

16,170 

22/i40 

■3. ''SO 

17,670 

9,700 

12,940 

s4 

3-°74 

1.515 

15.150 

18,940 

26,5,0 

■5,550 

20,740 

..,360 

15.150 

\\ 

5 

J  405 

1-745 

'7,45° 

21,800 

3'',5=° 

18,040 

24,050 

13,080 

17.440 

s. 

2.761 

2.049 

25,610 

,5,860 

27,6.0 

■5. 370 

20,490 

4i 

.142 

J. 300 

33,000 

^8,750 

40,250 

23,560 

3i,4'o 

■7,^50 

23,000 

1 

4l 

3.976 

3.01. 

30,210 

37,770 

S2.870 

29,820 

39,760 

22,660 

30,310 

'i 

4 

4.909 

3-7'0 

37.160 

46450 

65,040 

36.820 

49,090 

27,870 

37.160 

»i 

S.94C 

4.G20 

46,200 

!;  7.750 

80,840 

44,580 

59.400 

34,650 

46,200 

M 

7£6o 

±4^ 

S4,28o 

67,85094.990 

53.0^0 

70,690 

40,710 

S4.!'8o 

was  onginuJy  recom 
finishHl  bolt  be  equal 


1  of  tbe  bolt  bead  and  nut 
■ghthofanin'      — 

.-  - „ , le-half  Ibe  di .. 

The  thicknesa  of  die  nul  is  equal  Id  the  diameter  of  Ihe  bolt.     It 
■  in  lh)5  system  that  the  thidtntss  of  Ihe  head  lor  a 
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fiOLtg,  NUTS  AND  SCREWS 


WJ 


Rougrh 


Head!  and  Nati 
B=A  X  1.155.    C=rA  X  1.414 


^ 


U.  S.  Standard  Bolts  and  Nuts 

ROUGH 


Thickness 

Dia.  of 

Threads 
per  Inch 

Across 
Flats 

Across  Comers 

Depth  of 

Bolt 

Thread 

Head 

Nut 

1 

20 

i 

H 

If 

i 

i 

•0325 

A 

l8 

is 

« 

li 

if 

A 

.0361 

i 

l6 

ii 

tt 

ii 

ii 

i 

.0406 

A 

14 

H 

II 

lA 

If 

A 

.0464 

i 

13 

i 

ij«r 

li 

A 

i 

.0500 

A 

12 

fi 

li 

li 

li 

A 

.0542 

f 

II 

ii^ 

41 

li 

ii 

1 

.0590 

} 

lO 

li 

m 

m 

1 

i 

.0650 

i 

Q 

It's 

lit 

^A 

II 

i 

.0722 

I 

8 

If 

li 

Hi 

if 

I 

.0812 

ij 

7 

iJi 

2j\ 

^A 

II 

li 

.0928 

li 

7 

2 

2A 

2H 

I 

'i 

.0928 

li 

6 

^A 

Hi 

3A 

lA 

li 

.1083 

li 

6 

2i 

2i 

3li 

lA 

li 

.1083 

If 

5 

2* 

3tV 

3H 

If 

li 

.1300 

2 

4i 

34 

3lJ 

4iJ 

lA 

2 

.1444 

2i 

4i 

3i 

4A 

4Si 

if 

2i 

.1444 

2i 

4 

3i 

4ii 

sii 

i}| 

2i 

.1625 

2i 

4 

4i 

4iS 

6A 

2i 

2j 

.1625 

3 

3i 

4J 

5ii 

64i 

2A 

3 

.1857 

Note.  —  U.  S.  Government  Standard  Bolts  and  Nuts  are  made  to 

above  V.  S.  or  Sellers'  Standard  Rough  Dimensions.     The  sizes  of 

on/shed  bolt  heads  and  nuts  are  the  same  as  the  sizes  of  the  rough 

mif%  ^^h^  ^^  ^^'^  finished  work  the  forgings  must  be  \a.T^ct  V\vaxv  iox 

he^S!^'      .  ^  ^^^  same  v/rench  may  be  used  on  bolVv  \)\a.c\fL  aivd  iim^Yvt^i 

'^eaas  and  nuts. 
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Finished 


£eadi  and  ITait 


'     I      1 


m 


I 


\Aa 


See  Note 

U.  S.  Standard  Bolts  and  Nuts.  —  finished  heads  and  nuts 

FINISHED   HEADS   AND  NUTS 


See  Note 

Exact  Size  of 
Hole 

1 

a 
•c 
Q 

0. 
a 

H 

.-2 

Area  at  Root  of 
Thread 

Safe  Strain  in  lbs. 
Iron  at  50,000 
lbs.  per  Sq.  In. 
Factor  of  Safety 

■4J 

i 

1 

1 

§ 

d 

i 

1^ 

i 

A 

.185 

.191 

.0063 

.0260 

260 

A 

iJ 

H 

1 

.2408 

.246 

.0069 

.0452 

452 

g 

1 

11 

A 

.2938 

H 

.0078 

.0677 

677 

A 

H 

a 

i 

•3447 

a 

.0089 

.0932 

932 

i 

« 

« 

T% 

.4001 

if 

.0096 

-1257 

1257 

A 

*l 

i«V 

i 

.4542 

if 

.0104 

.1620 

1620 

1 

I 

lA 

t's 

.5069 

H 

.0114 

.2018 

CO18 

f 

lA 

i|i 

« 

.6201 

« 

.0124 

.3020 

3020 

i 

li 

iH 

ii 

•7307 

« 

.0139 

.4194 

4194 

I 

lA 

III 

H 

.8376 

II 

.0156 

-5509 

5509 

li 

If 

^«^ 

lA 

•9394 

«i 

.0179 

.6930 

6930 

li 

iH 

4J 

lA 

1 .0644 

lA 

.0179 

.8890 

8890 

li 

2j 

m 

lA 

1-1585 

iH 

.0208 

1.054 

10540 

li 

^A 

m 

lA 

I -2835 

'if 

.0208 

1-293 

12930 

li 

^H 

3^ 

i« 

1 .4902 

'li 

.0250 

1.744 

17440 

2 

3A 

3ti 

!« 

1-7113 

III 

.0278 

2.3 

23000 

2i 

3A 

3H 

2A 

1. 961 3 

ifi 

.0278 

3.021 

30210 

2i 

3« 

4H 

»A 

2.1752 

2A 

•0313 

3-714 

37140 

2} 

4A 

4H 

^H 

2.4252 

^A 

•^3^3 

4.618 

46180 

3 

4A 

sA 

2H 

2.6288 

2ti 

•0357 

5-427 

54270 

Note.  —  It  should  be  noted  that  while  the  second,  third  and  fourth  columns 
of  this  table  give  the  dimensions  of  finished  boVt  Yieads.  aivA.  \xm\s.  ^&  atv^^^sa^^  \^'!»'«s.- 
mended  in  this  system,  it  is  customary  ior  bo\t  awd  ivuV,  Tfta.tv\\\'a.c\.>\x«R»  \ft  xcc^t 
laished  U.  S.  nuts  to  the  same  dimensions  as  eslabWsVvfcd  Iot  t«w^  otv^kj.  ?ccAn*Vw 
ajshed  bolt  heads  are  required  to  the  13.  S.  Slaudaitd  tVve^  «^^«^  o^sX^m-ax^^  \»» 
►  the  same  dimensions  as  roash  heads  excev>t  viVieTi  o\.Yv«'wSs»  sv^*^'^^'^- 


282 


BOLTS,  NUTS  AND  SCREWS 


5 

li 

) 

h- 

- 

\ 

_■ 

1 

ill- 

4 

I  1 

Machine  Bolts  with  Manufacturers  Std. 

Heads 

1 

l-H 

Hex.  and  Square  Heads 
(National  Machinery  Co.) 

Hex.  and  Square  Nuts 

en 

en 

en 

• 

b  3 

g1 

"S 

•s 

a  § 

iSl 

ll 

Is 

IS 

i^ 

0  0 

J 

6 

3<^ 

§« 

gs 

g» 

gc^ 

0  w 

Q 

5? 

< 

< 

H 

->: 

< 

< 

i 

20 

f 

A 

A 

A 

i 

5 

8 

A 

A 

i8 

H 

iJ 

i 

H 

fi 

3 

4 

1 

4 

i 

i6 

A 

i 

/i 

1 

23 
12 

|{ 

A 

A 

14 

§i 

M 

M 

if 

M 

I 

f 

i 

13 

i 

}| 

f 

a 

il 

lA 

A 

A 

12 

a 

« 

n 

n 

lA 

lA' 

i 

1 

II 

H 

I 

a 

I 

I A 

i|J 

9 

i 

lO 

ji 

lA 

A 

lA 

iH 

iH 

H 

1 

9 

lA 

If 

fi 

if 

lil 

lif 

it 

I 

8 

li 

lA 

1 

4 

lA 

i\i 

2iJ' 

if 

li 

7 

lii 

if 

H 

III 

2A 

2A 

if 

li 

7 

ij 

lit 

if 

2 

2A 

26? 

li 

if 

6 

2  A 

2i 

I A 

2A 

2^-i 

33^2 

If 

li 

6 

2i 

2A 

li 

2f 

2f 

,23 

ij 

If 

Si 

2A' 

2* 

lA 

2A 

2sJ 

3i 

if 

li 

5 

2f 

^H 

lA 

2f 

3l6 

3JI 

If 

li 

S 

2H 

2i 

lil 

2if 

3M 

4-A 

i| 

2 

4i 

3 

sA 

ij 

3i 

3ll 

43{ 

2 

OTE,  — N'uts  supplied  by  different  makeis  ioi  manufacturers 
krd  bolts  vary  somewhat  as  regards  tViickwes?..    T\v^  ^^ocsv^ 
^^es  are  Hoopes  and  Townsend  Standard. 


SET  SCREWS 


HA«iro«B  Mack 

neScbe 

IT  Co, 

St*bd*.d 

1 

i 

1 

1 
1 

J 

J 

■3 

i 

1 

1 

1 

1 
1 

■B 

1 

D 

L 

H 

B, 

c 

M 

R 

F 

N 

1 

lO 

1 

A 

1 

! 

A 

i 

.019 

^75 

A 

i8 

A 

fA 

A 

H 

tW 

ft 

^^I 

-083 

1 

16 

1 

H 

ft 

H 

« 

1 

■023 

■094 

A 

'4 

A 

A 

A 

■A 

AV 

ft 

.027 

.107 

) 

J3 

1 

A 

i 

■i 

ft 

i 

^3' 

■"S 

ft 

12 

A 

«. 

A 

.« 

* 

ft 

-032 

.125 

1 

tl 

1 

H 

ft 

.ft 

li 

1 

J134 

■ISO 

» 

lO 

1 

H 

1 

.1 

H 

1 

■037 

•'SO 

1 

9 

i 

« 

A 

»A 

tt 

u 

^"'■^ 

^.« 

jjjl 

• 

1 

i 

il_ 

\^ 

^ 

^ 

i\-* 
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Hexagon  Head  Cai 

•  Screws 

■ 

Square  Head  Cap  Screws 

1 

1 

< 

^ 

*© 

1 

^ 

< 

0 

1 

E3d 
055 

11 

ll 

l| 

,3 

li 

0) 

"1 

•*> 
© 

v> 

3 

.a 

dS. 

.20 

.ata 

1 

.2U 

•^w 

"% 

q 

^2; 

Q 

P 

Q 

0 

H 

M 

D 

A 

B 

c 

R 

A 

B 

C 

R 

i 

20 

i 

A 

1 

4 

f 

1  7 
12 

1 

1 

4 

*l 

A 

18 

«J 

J 

A 

M 

f 

A 

A 

if 

1 

16 

M 

9 

1 

e 

M 

1 
1 

f 

lA 

A 

14 

fl 

f 

A 

lA 

\\ 

A 

7 
TS 

I A 

i 

13 

1 

3 

4 

i 

lA 

M 

5 

8 

1 
2 

lA 

A 

12 

If 

il 

A 

ni 

li 

H 

9 

iM 

1 

II 

lA 

1 

1 

li 

lA 

3 

4 

5 
8 

iM 

1 

10 

T    5 

I 

f 

iJI 

iM 

7 

3 

4 

iJI 

7 

9 

I  if 

li 

i 

iH 

iM 

Ij 

7 
8 

2f 

I 

8 

lA 

li 

I 

2A 

Iff 

li 

I 

2H 

li 

7 

,19 

if 

li 

2| 

lil 

if 

ij 

3 

■V 

'/ 

^^// 

i^ 

li 

2II 

2i 

\ 

i^ 

\ 

I" 

3A 

\ 

PiLUSTEk  HEAD  CAP  SCREWS 


>8S 


Q. .  .  (DOT 


COLLAB  HeAD  SCI^WS 

A',  a'd) 

"- 

1 
■s 

i 

1i 

z 

Jl 

|i 

1 

~3 

i 

1 
1 

■i 

1 

11 

1 

! 

f 

1 

1 

1 
1^ 

•> 

A 

B 

c 

' 

F 

R 
i 

41 

c 

n 

'.* 

E 

' 

L 

1 

40 

a 

J 

ft 

1 

ft 

ft 

A 

i 

■oiS 

A 

A 

ft 

3  = 

H 

ft 

A 

II 

A 

i 

4 

4 

ft 

A 

-039 

A 

1 

i 

20 

H 

i 

ft 

ft 

ft 

! 

11 

A 

A 

A 

^58 

A 

A 

ft 

8 

ft 

ft 

» 

1 

1 

11 

A 

A 

A 

li 

X.71 

A 

ft 

1 

6 

H 

1 

1) 

! 

A 

ti 

1 

1 

A 

4! 

xiSb 

ft 

4 

i". 

4 

i 

A 

ii 

11 

ft 

li 

A 

4 

A 

H 

■099 

A 

4 

i 

3 

!1 

! 

A 

II 

H 

.ft 

It 

ft 

A 

it 

.rr. 

i 

ft 

ft 

2 

il 

ft 

1 

IS 

ft 

.ft 

i 

1 

A 

11 

■133 

A 

1 

i 

I 

H 

f 

H 

T 

J 

.ft! 

i 

ft 

ft 

1 

■'33 

ft 

ft 

i 

o 

.ft 

J 

U 

■4 

ft 

.ft 

.ft 

4 

A 

ft 

-133 

ft 

1 

i 

9 

.ft 

^ 

A.U 

"siA^. 

l/ 

'III 

HAA^ 

\\    -^fe 

A 

^ 
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Flat,  Round  and  Ovai  Fillister  Head  Cap  Screws 


« 

n 

» 

■> 

f 

'•-iS 

'i^ 

1 

■B 

J- 

1 

■g 

i 

■3m 

1-1 

1 

1 

f 

■5 

s 

1 

1 

■3 
1 

1 
■3 

1 

SI 

pi 

Si 

Pi 

jj 

A 

c 

s 

H 

« 

E 

.' 

» 

1. 

« 

i 

40 

ft 

i 

A 

A 

1 

.032 

A 

A 

1 

A 

A 

5^ 

1 

A 

A 

A 

ft 

.040 

A 

A 

A 

A 

i 

20 

i 

i 

A 

A 

1 

.064 

A 

A 

1 

ft 

A 

18 

A 

A 

A 

II 

1 

.072 

A 

1 

ft 

i 

1 

id 

A 

• 

A 

»S 

i 

^l 

ft 

A 

J 

A 

A 

14 

1 

A 

A 

1 

I 

.J02 

ft 

H 

A 

1 

) 

'3 

1 

! 

A 

A 

■ft 

.ti4 

» 

A 

i 

A 

A 

" 

« 

J 

A 

t 

A 
A 

:: 

•1 
.1 

.128 

A 

A 

i! 

A 
1 

1 

1 

10 

. 

i 

A 

« 

■i 

■133 

A 

A 

1 

H 

^hl 

'^1 

J 

A 

« 

■  l 

■33 

A 

11 

i 

ii 

r/v 

'/■    1^1 

■i 

■  i 

\ 

\A'  V^ 

BUTTON  AND  COUNTERSUNK  HEAD  CAP  SCREWS     aS? 


BuTTOH  Head  Cap  Sceewk 

Fl^I  AMD  OV:(L  C 

Cap  S 

<^s" 

jnkHiau 

■B 

i 

1 

1^ 

1 

1 

C 

1 

•5 

5 

1 

1 

1 

i 

i 

^ 

1 

il 

^1 

D 

A 

« 

E 

r 

A 

c 

R 

E 

F 

G 

i 

40 

A 

A 

A 

°35 

A 

i 

A 

i 

.040 

a 

A 

A 

3» 

A 

A 

A 

OS  I 

A 

J 

A 

ft 

.064 

A 

A 

i 

jo 

A 

A 

A 

07  ! 

A 

1! 

A 

i! 

.o7> 

A 

A 

A 

iS 

A 

A 

A 

091 

A 

! 

A 

H 

■  O! 

A 

A 

1 

le 

! 

A 

A 

102 

A 

i 

M 

.1 

.114 

A 

A 

A 

14 

i 

J 

i 

114 

i 

H 

H 

■A 

.114 

i 

) 

1 

rj 

It 

1! 

il 

,14 

A 

I 

H 

lA 

.118 

A 

A 

A 

.. 

H 

H 

« 

"4 

tt 

. 

A 

■t 

■'33 

H 

« 

! 

" 

• 

1 

! 

133 

A 

.1 

W 

I'tt 

l^«i 

'\<'V*« 

./„/ 

'•■/^/•l 

>33 

av*  \^.v* 

A- 

A 

^ 
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x^ 


rV^ 


y^jsnp 


-B— 


-«MW 


I  I 
I  I 


X:"6 


— A— 


L^-^^ 


Machine  Screws.    American  Screw  Company 


No. 

A 

Flat  Head 

Round  Head 

B 

C 

E 
.030 

F 

B 

C 

E 

.030 

F 

2 

.0842 

.1631 

.0454 

.0151 

•1544 

.0672 

.0403 

3 

^73 

.1894 

•0530 

.032 

.0177 

.1786 

.0746 

.032 

.0448 

4 

.1105 

.2158 

.0605 

.034 

.0202 

.2028 

.0820 

.034 

.0492 

5 

.1236 

.2421 

.0681 

.036 

.0227. 

.2270 

.0894 

.036 

•0536 

6 

.1368 

.2684 

•0757 

•039 

.0252 

.2512 

.C5968 

•039 

.0580 

7 

.1500 

.2947 

.0832 

.041 

.0277 

•2754 

.1042 

.041 

.0625 

8 

.1631 

.3210 

.0908 

.043 

•0303 

.2996 

.1116 

.043 

.0670 

9 

•1763 

•3474 

.0984 

•045 

.0328 

•3238 

.1190 

.045 

.0714 

lO 

.1894 

.3737 

.1059 

.048 

•0353 

.3480 

.1264 

.048 

.0758 

12 

.2158 

.4263 

.1210 

.052 

.0403 

.3922 

.1412 

.052 

.0847 

14 

.2421 

.4790 

.1362 

•057 

.0454 

.4364 

.1560 

•057 

.0936 

i6 

.2684 

•5316 

•1513 

.061 

.0504 

.4806 

.1708 

.061 

.1024 

i8 

.2947 

.5842 

.1665 

.066 

•0555 

.5248 

.1856 

.066 

.1114 

20 

.3210 

.6368 

.1816 

.070 

.0605 

.5690 

.2004 

.070 

.1202 

22 

•3474 

.6895 

.1967 

•07s 

.0656 

.6106 

•2152 

•07s 

.1291 

24 

•3737 

.7421 

.2118 

.079 

.0706 

.6522 

.2300 

.079 

.1380 

26 

.4000 

.7421 

.1967 

.084 

.0656 

.6938 

2448 

.084 

.1469 

28 

.4263 

.7948 

.2118 

.088 

.0706 

•7354 

.2596 

.088 

•1558 

30 

.4526 

.8474 

.2270 

•093 

•0757 

.7770 

•2744 

•093 

.1646 

/       / 

i 

Dimensions  given  are  maximum,    the 
oons  being  below  thenu 


necessary   vjotVatv^,  n^\y\~ 
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Machine  Screws.    American  Screw  Company 


Fillister  Head 

No. 

A 

G 

/\ 

B 

C 

D 

E 

F 

2 

,0842 

•1350 

.0549 

.0126 

.030 

'OZi^ 

■  -0675 

3 

•0973 

.1561 

.0634 

.0146 

.032 

.0390 

.0780 

4 

.1105 

.1772 

.0720 

.0166 

•034 

.0443 

.0886 

5 

.1236 

.1984 

.0806 

.0186 

.036 

.0496 

,  .0992 

6 

.1368 

•2195 

.0892 

.0205 

•039 

•0549 

.1097 

7 

.1500 

.2406 

.0978 

^225 

.041 

.0602 

.1203 

8 

.1631 

.2617 

.1063 

.0245 

.043 

.0654 

.1308 

9 

•^7(>3 

.2828 

.1149 

.0265 

.045 

.0707 

.1414 

10 

.1894 

.3040 

•1235 

.0285 

.048 

.0760 

.1520 

12 

.2x58 

.3462 

.1407 

.0324 

.052 

.0866 

•1731 

14 

.2421 

.3884 

•1578 

.0364 

•057 

.0971 

.1942 

16 

.2684 

4307 

•1750 

.0403 

.061 

.1077 

•2153 

18 

.2947 

4729 

.1921 

.0443 

.066 

.1182 

.2364 

20 

.3210 

•5152 

.2093 

.0483 

.070 

.1288 

•2576 

22 

•3474 

•5574 

.2267 

.0520 

-075 

.1384 

.2787 

24 

•3737 

•5996 

.2436 

.0562 

.079 

.1499 

.2998 

26 

.4000 

.6419 

.2608 

.0601 

.084 

.1605 

.j2oq 

28 
30   1 

4263 
,4526      I 

.6841 

•2779 

.0641 

\  .o?>?> 

\  A1\.Q 

\  .^^'^^ 

.7264 

.2951  1  .0681 

\  -092 

>  \  -^^^ 

L^\  -^^^'^ 

apo  BOLTS,  NUTS  AND  SCREWS 

AUEBICAH     5CR£W     COllFAHV.      StAMDAKD     TBKEASS     \ 


No. 

. 

.    i 

' 

. 

" 

,     .. 

M 

Threads 

48 

it 

48 
56 

32.36 
40 

3" 
3S 

30 

3^ 

3° 

34, 3°' 

32 

34 

No. 

.4 

" 

» 

3= 

Threads  per 
Inch 

z 

■';;'■ 

...s 

1(5 
18 

14,16 

A.S.M.E.  STAITDARD  PROPORTIONS  OF  MACHIWE  SCREWS 

The  diagram  and  tablea  herewith  show  the  proportions  of  machine 
screws  as  recommended  by  the  committee  of  the  American  Society 
of  Mechanical  Engineers  on  Standard  Proportions  for  Machine 
Screws,  the  report  of  this  committee  being  adopted  by  the  Society 
at  its  spring  meeting,  1907. 

The  included  angle  is  5o  degrees,  and  the  flat  at  top  and  bottom 
of  thread  is  one  eighth  of  the  pitch  for  (tie  basic  or  standard  diam- 
eter. There  is  a  uniform  increment  of  0.013  inch,  between  all  sizes 
from  0.06  to  0.19  (numbers  o  to  10  in  (he  tables  which  follow)  and 
of  o.ai6  inch  in  the  remaining  sizes.  This  change  has  been  made 
in  the  interest  of  simplicity  and  because  the  resulting  pitch  diameters 
are  more  nearly  in  accord  with  the  pitch  diameters  of  screws  in  pres- 

The  pitches  are  a  function  of  the  diameler  as  eipressed  by  the 


Threads  per  inch  = 


6-5 


D  +  0.01' 
with  the  results  given  approximately,  so  as  to  avoid  the  u 
lional  threads. 

The  diagram  shows  the  various  sizes  for  both  j6  and  71  threads 
per  inch,  and  shows,  among  other  things,  the  allowable  difference  in 
the  flat  surface,  belween  the  maximum  tap  and  the  minimum  screw, 
this  variation  being  from  one-eighth  to  one  sixteenth. 

The  minimum  t^  conforms  to  the  basic  standard  in  all  respects, 
except  diameter.  The  difference  between  the  minimum  tap  and 
the  marimum  screw  provides  an  allowance  for  error  m  pitch  and 
for  wear  of  tap  in  service. 

The  form  cj  tap  thread  shown  is  recommended  as  being  stronger 

and   more  serviceable  than   the  so-called  V-thread,   but  as  some 

believe  a  strict  adherence  to  the  form  shown  might  add  to  the  cost  of 

small  taps,  they  have  decided  that  taps  having  the  correct  angle 

and  pitch  diameter  are  permissible  even  with  the  V-thread,     This 

""'^ailoar  a  Jai^  proportion  of  the  taps  now  in  sVocV:  \q  \ie  Mi-iUied, 

yjie  tables  given  by  the  committee  were  combined  inWj  (.tie  piesieiit 

^Vct  form  by  the  Corbia  Screw  Corporation. 
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PROPORTIOHS  OF  MACHINE  SCREW  HEADS 
A.  S.  H.  E.  Stand&id 

The  four  standard  heads  are  given  herewith.  These  proportions 
Eire  based  on  and  include  the  diameter  of  the  screw,  diameter  of  the 
head,  thickness  of  head,  width  and  depth  of  slot,  radius  for  round 
and  fillister  heads,  and  included  angle  of  the  flat-head  screw. 

Oval  Fillister  Head  Machine  Schews.    A.  S.  M.  E.  Standard 


A  —  Diameter  of  Body. 

B  —  1.64^  —  .009  =  Diam.  of  Head  and 

Rad.  tor  Oval 
C  -  0.66X  -  .003  -  Hight  of  Side 

D  -  .mA  +  .015 

E^\F  ^  Depth  of  Slot 

F  —  .134B  +  C  -  Hight  of  Head. 
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Flat  Fillister  Head  Machine  Screws.    A.  S.  M.  E.  Standard 


U- ^B 


FLAT  fillister  HEAD   SCREWS 

A  «=  Diameter  of  Body 
B  =  1.64^  —  .009  =  Diam.  of  Head. 
C  =  0.66A  •—  .002  =  Hight  of  Head 
D  ^  0.173A  +  .015  =  Width  of  Slot 
E  =  iC  =*  Depth  of  Slot 
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BOLTS,  NUTS  AND  SCREWS 


Hot  Pressed  and  Cold  Punched  Nuts 
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Finished  case-hardened  and   semi-finished  nuts  are  made  to  the 
above  dimensions.     Semi-finished   nuts  are  tapped  aud  iaced  Vc>\'fe 
^o  the  bottom. 


HOT  PRESSED  NUTS 


Hot  Pressed  Nuts 
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BOLTS,  NUTS  AND  SCREWS 
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HOT  PRESSED  NUTS 


Hot  Pusbed  Nins.    MANOTAcrnm 
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BOLTS,  NUTS  AND  SCREWS 

\J — ' — ^^^^W 


Button  Head  Machine 

AMD 

Loom  Bolts 

ROOPES  tl  TOWKSEND   CO. 

Diameter  Bolt.. 
Diameter  Head. 
Thickness  of 
Head 
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Diameter  Bolt. 
Diameter  Head . 
Thickness  of 
Head 


LENGTHS  OF  BOLTS 
Squabe  Head,  Hexagon  Head,  Button  Head,  Round  Head  and 
Cone   Head   bolts   are   measured   under    the   head.     Countersunk 
Head  bolts,  bolt  ends  and  rods  arc  measured  over  all. 


Lenoths  of  Threads  Cut 

ON  Bolt 

Lcnglh  oi  Bolt! 
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longer  iban  20  inches  and  larger  than  i\  mdv  "m  4\a.me\j« 
'^  threaded  about  3  times  the  diameter  ol  t\ie  loA. 


MACHINE  AND  TAP  BOLTS 


Diameler  Boll 
Diameler  Knund  Head 
Distance  across  Flala  Squ; 

Head 
Thickness  Sq\ 

Roiuid  Heads 


Diameter  Bolt    , 

No.  of  Threads  per  Inch  . . 
Across  Flats  Hei.and  St|ua 

Heads    

.   Across  Comers  Hes.  Head 
Across  Comera  Square  Head 
Tbiduieas  Hex.  and  Sqi 


Stove  Bolt  Diaheters  a 


Dia.  of  Bolt 

No,  of  Threads  per  Inch. . 


BOLTS,  NUTS  AND  SCREWS 


All  beads  and  nuts  to  be  semi-finished.  All  screws  to  be  of  steel 
not  less  than  iao,ooo  pounds  tensile  strength  and  60,000  potuids 
elastic  limit  per  square  inch.  Screws,  screw  heads  and  plain  nuts 
to  be  left  soft.  Castle  nuts  to  be  case-hardened.  Where  screws 
are  to  be  used  in  soft  mateiial  such  as  cast  iron,  brass,  bronze  or 
aluminum,  the  U.  S.  S.  pitches  are  to  be  used.  Body  diameter  to 
be  o.ooi  inch  leas  than  nominal  diameter  with  a  plus  tolerance  of 
zero  and  a  minus  tolerance  of  0.002  inch.  Nuts  shall  fit  without 
perceptible  shake. 


AuTOKOBiu  Scsxw  AHD  NfT  Standakds  Adopted  bv  the  AX.A.M. 
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BOLTS  AND  NUTS 
Flaneb  Nuts 


Diameter  of  Bolt    

No.  of  Threads  per  Inch 

Across  Flats 

Thickness 


CoupuNS  Bolts 


Diameter  a!  Bolt    

No.  of  Threads  per  Inch 
Short  Diameter  of  Head 

Length  of  Head    

Thickness  of  Nut 

Short  Diameter  of  Nut   . 


it' 


Planer  Head  Bolts  a 


r  .^,  -1  rT~ri 


Diameter  of  Bolt    

No.  of  Threads  per  Inch  . , 
Short  Diameter  of  Head  . . 

Length  of  Head 

Short  Diameter  of  Nuts . . . 

Thickness  of  Nuls 

Washers  for  Planer  Head  Bolts. 
Diameter  of  Washers     .  .  . 
Thickness  of  Waahera 


A    i 


■s\'\V 


BOLTS,  NUTS  AND  SCREWS 
Depths  to  Drill  and  Tap  ioh  Studs 


Dia.  of  Stud 

Dia.  of  Drill  C.I., 
Depth  of  Thread . . 
Depth  to  Drill 


U    A 


Bolt  Hsads  for  Standard  T-Slots 
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EYE  BOLTS  AND  COTTER   PINS 
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BOLTS,  NUTS  AND  SCREWS 
Round  and  Squake  Waskers 
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WASHERS  AND  SCREW  GAGE 
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BOLTS,  KUtS  MiD  SCREWS 


Diameter  Screw 

No.  of  Threads  per  Inch 
Across  Flats  Hex.  and 

Square  Heads 

Thickness  Hex.  and  Sqi 

HeEidB    


Lengths  of  Thbeads  o 


LenphofSoE* 

Length  of  Thr<ad 

LaiBlhoI  Screw 

Lei.RlholTh.Hd 

li* 

To  Head 

4  ' 
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5!' 

>r 

6  ' 
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.f 

7  ' 

3V 
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3i' 

7  ' 

Lag -Screw  Test 
Test  by  Hoopes  and  Townsend 


Diameter  Screw 
ptb  in  Wood  . 
ein  Pounds  . 


WOOD   SCREWS 


WOOD  SCREWS 

Wood  screws  range  in  size  from  No.  q  lo  No.  30-,  by  the  American 
Screw  Company's  gage  and  in  lengths  from  {  indl  to  6  inches.  The 
increase  in  length  is  by  eights  of  an  inch  up  to  1  inch,  then  hf-  quar- 
ters of  an  inch  up  to  3  inches  and  by  half  inches  up  to  5  Inches.  As 
a  rule  the  threaded  portion  is  about  seven  tenths  of  the  total  length. 
The  included  angle  of  the  Sat  head  is  3:  degrees.  The  table  below 
gives  the  body  and  head  diameters,  and  the  threads  per  inch  as  gen- 
erally cut,  although  there  is  no  fixed  standard  as  to  number  of  threads 
which  is  universally  adhered  to  by  all  wood-screw  maaufocturers. 

Fkt  headed  wood-screws  include  the  head  in  the  length  given. 
With  rotmd  headed  screws,  one  half  the  head  is  generally  included 
in  the  length  although  the  practice  is  not  uniform. 
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BOLTS,  NUTS  AND  SCREWS 


Bon.ES  Rivet  Heads 
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ROUND  HEAD  RIVETS 
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LENGTH  OF  ROUITD  HEAD  RIVETS  FOR  DIFFERENT 

THICKNESSES  OF  METAL 

To  find  the  required  length  of  a  rivet  when  thickness  of  metal 
between  rivet  heads  is  given,  assuming  the  rivet  hole  to  be  ^  inch 
larger  tban  the  rivet  before  it  is  heated,  refer  to  the  table  below. 
Grip  in  inches  means  thickness  of  metal  between  rivet  heads. 
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CALIPERING   AND   FITTING 

THE  VERNIER  AND  HOW  TO  READ  IT 

Tms  method  of  measuring  or  of  dividing  known  distances  into 
very  small  parts  is  credited  to  the  invention  of  Pierre  Vernier  in  1631. 
The  principle  is  shown  in  Figs,  i  to  3  and  its  application  in  Figs.  4 
and  5.  In  Figs,  i  and  2  both  distances  o-i  are  the  same  but  they 
are  divided  into  different  divisions.  Calling  0—1  =  1  inch  then  in 
Fig.  I  it  is  clear  that  moving  the  lower  seal  one  division  will  divide 
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Vernier  Reading 


8 


9 


10 


the  upper  one  in  half.  In  Fig.  2  the  upper  scale  is  divided  in  half 
and  the  lower  one  in  thirds.  If  the  lower  scale  is  moved  either  way 
until  J  or  f  comes  under  the  end  line,  it  has  moved  ^  of  an  inch 
but  if  either  of  these  are  moved  to  the  center  line  then  it  is  only 
moved  J  of  this  amount  or  J 

Figure  3  shows  the  usual  application  of  the  principle  except  that  it 

is  divided  in  four  parts  insteald  of  ten.     Here  both  the  scales  have 

four  parts  but  on  the  lower  scale  the  four  parts  just  equal  three  parts 

of  the  upper  scale.     It  is  evident  that  if  we  move  the  lower  scale  so 

that  o  goes  to  i  and  4  goes  to  4  that  it  will  be  moved  \  the  length 

o/the  distance  o  —  4  on  the  upper  scale.     If  this  distance  was  i  inch, 

e^r/r  division  on  the  upper  scale  equals  \  inch  and  mov'm^  VVve^  \o>n^t: 

^/?  so  tiiat  the  line  i  just  matches  the  line  next  lo  o  otv  \.\ve;  v^^t 

^^e  gives  /  af  one  of  these  divisions  or  ^  oi  an  mcVv. 
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Figures  4  and  5  show  the  usual  application  in  which  the  lower  or 
vernier  scale  is  divided  into  10  parts  which  equals  9  parts  of  the 
upper  scale.  The  same  division  holds  good,  however,  and  when 
the  lower  scale  is  moved  so  that  the  first  division  of  the  vernier  just 
matches  the  first  line  of  the  scale,  it  has  been  moved  just  one 
tenth  of  a  division.  In  Fig.  4  the  third  lines  match  so  that  it  has 
moved  y'^  and  in  Fig.  S,  A  of  a  division.  So  if  A  B  is  one  inch  then 
each  division  is  -j^j^  of  an  inch  and  each  line  of  the  vernier  is  ^^  of 
that  or  Ykn  0^  ^^  i^ch. 

To  find  the  reading  of  any  vernier,  divide  one  division  of  the  upper 
or  large  scale  by  the  number  of  divisions  in  the  small  scale.  So  if 
We  had  a  vernier  with  i6  divisions  in  each,  the  large  scale  being 
I  inch  long,  then  the  movement  of  one  division  is  ^5  of  ^  or  ^^  of 
an  inch. 

READING  THE  MICROMETER 

The  commercial  micrometer  consists  of  a  frame,  the  anvil  or  fixed 
measuring  point,  the  spindle  which  has  a  thread  cut  40  to  the  inch 
on  the  portion  inside  the  sleeve  or  barrel  and  the  thimble  which 
goes  outside  the  sleeve  and  turns  the  spindle.     One  turn  of  the 


A -Frame 

B-AnvU 

C  —  Spindle  or  Screw 

D-  Sleeve  or  Barrel 

E-  Thimble 


Fig.  6.  —  Micrometer 


screw  moves  the  spindle  ^V  o^  -025  of  an  inch  and  the  marks  on  the 
sleeve  show  the  number  of  turns  the  screw  is  moved.  Every  fourth 
graduation  is  marked  i,  2,  3,  etc.,  representing  tenths  of  an  inch  or 
as  each  mark  is  .025  the  first  four  means  .025  X  4  =  .100,  the  third 
means  .025  X  4  X  3  =  .300. 

The  thimble  has  a  beveled  edge  divided  into  25  parts  and  num- 
bered o,  5,  10,  15,  20  and  to  o  again.  Each  of  these  mean  -^  oi  a. 
turn  or  ^s  of  ^  =  y^\j^  of  an  inch.  To  read,  multiply  the  marks 
on  the  barrel  by  25  and  add  the  graduations  on  the  edge  of  the 
thimble.  In  the  cut  there  are  7  marks  otv  \^e  ^^^n^  -mn.^  "^  «^  '^'s^ 
thimble  so  we  say  7  X  25  ==  175,  p\\is  3  =  i.n'&  ox  .^'^'^.  . 

In  shop  practice  it  is  common  to  read  tVvem  ^VCcvoviX  ?cKi  ""^^^^^^ 
ing  by  using  mental  addition.     Begmmn^  «X  V\«i  \^^'i|>«sN.  ^^ 
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shown  on  the  sleeve  and  calling  it  hundreds  and  add  25  for  each 
mark,  we  say  in  the  case  show  100  and  25,  50,  75  and  then  add  the 
numbers  shown  on  the  thimble  3,  making  .178  in  all.  If  it  showed 
4  and  one  mark,  with  the  thimble  showing  8  marks,  the  reading 
would  be  400  +  25  +  8  =  433  thousandths  or  .433. 

TiE  TEN-THOUSANDTH  MICROMETER 

This  adds  a  vernier  to  the  micrometer  sleeve  or  barrel  as  shown 
in  Fig.  7,  which  is  read  the  same  as  any  vernier  as  has  been  ex- 
plained. First  note  the  thousandths  as  in  the  ordinary  micrometer 
and  then  look  at  the  line  on  the  sleeve  which  just  matches  a  line  on 


Thimble 
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SlMve 
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u-  _U 


Tbtmble 
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SlMve 


Fig.  7.  —  Micrometer  Graduations 

the  thimble.  If  the  two  zero  lines  match  two  lines  on  the  thimble, 
the  measurement  is  in  even  thousandths  as  at  3  which  reads  .250. 
At  C  the  seventh  line  matches  a  line  on  the  thimble  so  the  reading 
IS  .2507  inch. 


MEASURING  THREE-FLUTED  TOOLS  WITH 
THE  MICROMETER 

The  sketch.  Fig.  8  on  page  319,  shows  a  V-block  or  gage  for 
measuring  three-fluted  drills,  counterbores,  etc. 

The  angle  being  60  degrees,  the  distances  Ay  By  and  C  are  equaL 
Consequently  to  determine  the  correct  diameter  of  the  piece  to  be 
measured,  apply  the  gage  as  indicated  in  the  sketch  and  deduct 
one  third  of  the  total  measurement. 

The  use  of  this  gage  has  a  decided  advantage  over  the  old  way 
of  soldering  on  a  piece  of  metal  opposite  a  tooth  or  boring  out  a  ring 
to  £t  to. 
Using  a  standard  do-degree  triangle  ioT  seltitv^  a.Tvd  ai  ie^w  ^\^eiT«tv\. 
'^es  of  standard  cylindrical  plug  gages  iox  XeSdn^,  \>^fe  N-\i\o«^ 
y  be  easily  and  very  accurately  made. 


LIMITS  FOR  FITS 


Fig.  8,  —  Measuring  Three-FIuled  Tools 
PRESS  AHD  RUmnHG  FITS 


Parallel  Press,  Drive  and  Close  Fits 


«  York,  for  press,  cfrive  and  close  or  hand  fits  for  parallel  shafts 
tanging  between  one  and  ten  inches  in  diameter.  In  accordance  with 
general  practice,  the  holes  for  all  parallel  fits  are  made  standaid,  except 
for  unavoidable  variation  due  to  the  wear  of  the  reamer,  the  variation 
from  standard  diameter  for  the  various  kinds  of  fits  being  made  in 
the  shaft.  This  variation  is,  however,  not  positive,  but  is  made 
between  limits  of  accuracy  or  tolerance.  Taking  the  case  of  a  press 
fit  on  a  two-inch  shaft,  for  example,  it  will  be  seen  that  the  bole  — 
that  is,  the  reamer  —  is  kept  between  the  correct  size  and  o.ooi  inch 
below  size,  while  the  shaft  must  be  between  0.003  and  0.003  inch 
over  size.  For  a  drive  or  hand  fit  the  limits  for  the  hole  are  the 
same  as  for  a  press  fit,  while  the  shaft  in  the  former  case  must  be 
between  o.ooi  and  0.002  large  and  in  the  latter  between  0.001  and 


Parallel  Running  Fits 


Table  3, 


I,  page  3ZI,  gives  in  the  same  way  the  allowances  made  hf 
the  same  concern  for  parallel  running  fits  of  three  grades  of  close- 
ness. The  variations  allowed  in  the  holes  are  not  materially  dif' 
fcrent  from  those  of  the  preceding  table,  but  the  shafts  are,  of 
course,  below  Instead  of  above  (he  nominal  size. 

In  all  cases  the  tables  apply  to  steel  shaft*  ani  caa^-nOQ. 'h'****.  •« 
other  members.     In  (he  right-hand  ccAumna  cS.  fee  ViW«a  "C™  ^o'^- 
muJas  from  which  the  allowances  arc  cakvAaled  Mt  ^seB,»»^«':'°*- 
trbich  the  range  of  tables  may  be  extended. 
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Shrink  Fits 

Table  3  gives  the  practice  of  the  General  Electric  Company, 
Schenectaldy,  New  York,  in  regard  to  shrink  fits,  the  same  allowances 
also  being  niade  for  press  fits  on  heavy  work  such  as  couplings,  etc. 


Table  3.    Allowances  for  Shrink  Fits 


Dia.   In. 

Allowance 

Dia.      In. 

Allowance 

Dia.    In. 

Allowance 

I 

.001 

20 

.008 

42 

.0143 

2 

.0015 

22 

.0088 

44 

.015 

3 

.0020 

24 

.0093 

46 

•015s 

4 

.0028 

26 

.0098 

48 

.016 

6 

.0035 

28 

.0105 

60 

.020 

8 

.cx>4S 

30 

.Oil 

72 

.024 

10 

.0053 

32 

.0115 

84 

.027 

12 

.0058 

34 

.012 

96 

.030 

14 

.0065 

36 

.0128 

108 

.033 

16 

.007 

38 

.0133 

120 

.0355 

18 

.0075 

40 

.0138 

132 

.038 

• 

144 

.040 

LIMITS  FOR  GAGES 

The  Newall  Engineering  Company,  when  developing  their  system 
of  limit  gages,  investigated  the  practice  of  the  leading  English, 
Continental  and  American  engineering  concerns  relative  to  allowances 
for  different  kinds  of  fits  and  prepared  a  table  which  is  the  average 
of  all  the  data  received,  every  point  included  being  covered  by  the 
practice  of  some  prominent  establishment.  The  limits  and  allow- 
ances thus  arrived  at  for  shop  gages  are  given  in  Table  4,  which  is 
self-explanatory. 

* 

Table  4.    Limits  and  Allowances  in  Shop  Gages  for 

Different  Kinds  of  Fits 


Nominal  Diameters 


Over  size  . 
Under  size 
Margin  . . . 


r 


,00025 
.00025 
,00050 


.00050 
.00025 
,00075 


.00075 
.00025 
.00100 


.00100 
,00050 
,00150 


.00100 
.00050 
.00150 


.00100 
.00050 
.00200 


.00150 
.00050 
.00200 


Limits  in  Plug  Gages  for  Standard  Holes 
(Table  CotUinued  on  Page  323") 


ALLOWANCES  FOR  FITS 
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Table  4  Continued.  —  Limits  in  Shop  Gages 
Allowances  —  over  Standard  —  for  Force  Fits 


Nominal  Diameters 


Mean. . 
High.. 
Low. . . 
Margin 


.00075 
,00100 
,00050 
,00050 


.00175 
.00200 
-00150 
.00050 


.00350 
.00400 
.00300 
.00100 


00525 
,00600 
00450 
00150 


.00700 
.00800 
.00600 
.00200 


.00900 
.01000 
.00800 
.00200 


6* 


.01100 
.01200 
.01000 
.00200 


Allowances  —  over  Standard  —  for  Driving  Fits 


Nominal  Diameters 


Mean. . 
High.. 
Low  . . 

Margin 


r 


000375 
,00050 
00025 
00025 


,000875 
,00100 
00075 
,00025 


.00125 
.00150 
.00100 
.00050 


.00200 
.00250 
.00150 
.00100 


.00250 
.00300 
.00200 
.00100 


.00300 
.00350 
.00250 
.00100 


6* 


.00350 
.00400 
.00300 
.00100 


Allowances  —  Below  Standard  —  for  Push  or  Keying  Fits 


Nonunal  Diameters 


High.. 
Low. . . 
Margin 


Y 


.00025 
.00075 
.00050 


.00050 
.00100 
.00050 


.00100 
.00150 
.00050 


00150 .00150 
00200'. 00250 
00050.00050 


.00200 
.00250 
.00050 


.00200 
.00250 
.00050 


^  Clearances  for  Running  Fits 


of 
Gage* 


X. 


Y. 


Z. 


Diameters 

r 

I 

2" 

3' 

aT 

5" 

[Mean 

.00150 

.00200 

.00260 

.00320 

.00380 

.00440 

High 

.00100 

.00125 

.00175 

.00200 

.00250 

.00300 

Low 

.00200 

.00275 

.00350 

.00425 

.00500 

.00575 

\  Margin 

.00100 

.00150 

.00175 

.00225 

.00250 

.00275 

Mean 

.00100 

.00150 

.00190 

.00230 

.00270 

.00310 

High 

.00075 

.00100 

.00125 

.00150 

.00200 

.00225 

Low 

.00125 

.00200 

.00250 

.00300 

.00350 

.00400 

I  Margin 

.00050 

.00100 

.00125 

.00150 

.00150 

.00175 

Mean 

.000625 

.00100 

.00120 

.00140 

.00160 

.00180 

High 

.00050 

•00075 

•00075 

.00100 

.00100 

.00125 

Low 

.00075 

.00125 

.00150 

.00200 

.00225 

.00250 

I  Margin 

.00025 

.00050 

.00075 

.00100 

.00125 

.00125 

t" 


.00500 

.00350 

.00650 
.00300 

.00350 

.00250 
.00450 
.00200 
.00200 
00125 

00275 

.00150 


Class  X  is  suitable  for  engine  and  olYvet  -woxV  t^q;s^\t«\'^  ^"'^^  ^^^ 
Class  Yis  suitable  for  high  speeds  and  good  a.\eT^%^xQa5c:YBfc^^^«- 
Class  Z  is  suitable  for  fine  tool  wotIl. 


324 


CALIPERING  AND  FITTING 


Limits  For  Work  Ground  to  Various  Classes  of  Fits 

Table  5  gives  the  limits  used  by  the  Brown  and  Sharpe  Manu- 
facturing Company  in  grinding  work  to  various  classes  of  fits  required 
in  machine  manufacture. 


Table  5  —  Grinding  Limits  for  Cylindrical  Pieces 
As  Adopted  by  Brown  and  Sharpe  Mfg.  Co. 

running  fits  —  ORDINARY  SPEED 

To  }-inch  diameter,  inc 0.00025  to  0.00075  Small 

To  i-inch  diameter,  inc 0.00075  to  0.0015  Small 

To  2-inch  diameter,  inc 0.0015  to  0.0025  Small 

To  35-inch  diameter,  inc 0.0025    to  0.0035  Small 

To  6-inch  diameter,  inc 0.0035    to  0.005  Small 

RUNNING  FITS  —  fflGH  SPEED,  HEAVY  PRESSURE  AND  ROCKER  SHAFTS 

To  }-inch  diameter,  inc 0.0005    to  o.ooi  Small 

To  i-inch  diameter,  inc o.ooi      to  0.002  Small 

To  2-inch  diameter,  inc 0.002      to  0.003  Small 

To  3J-inch  diameter,  inc 0.003      to  0.0045  Small 

To  6-inch  diameter,  inc 0.0045    to  0.0065  Small 

SLIDING  FITS 

To  i-inch  diameter,  inc 0.00025  to  0.0005  Small 

To  I-inch  diameter,  inc 0.0005    to  o.ooi  Small 

To  2-inch  diameter,  inc o.ooi      to  0.002  Small 

To  3J-inch  diameter,  inc 0.002      to  0.0035  Small 

To  6-inch  diameter,  inc 0.003      to  0.005  Small 

STANDARD  FITS 

To  J-inch  diameter,  inc Standard  to  0.00025  Small 

To  I-inch  diameter,  inc Standard  to  0.0005  Small 

To  2-inch  diameter,  inc Standard  to  o.ooi  Small 

To  3J-inch  diameter,  inc Standard  to  0.0015  Small 

To  6-inch  diameter,  inc Standard  to  0.002  Small 

DRIVING  FITS  —  FOR  SUCH  PIECES  AS  ARE  REQUIRED  TO  BE  READILY 

TAKEN  APART 

To  5-inch  diameter,  inc Standard  to  0.00025  Large 

To  I-inch  diameter,  inc 0.00025  to  0.0005  Large 

To  2-inch  diameter,  inc 0.0005    to  0.00075  Large 

To  3i-inch  diameter,  inc 0.00075  to  o.ooi  Large 

To  6-inch  diameter,  inc o.ooi      to  0.0015  Large 

DRIVING  FITS 

To  J-inch  diameter,  inc 0.0005    to  o.ooi  Large 

To  i-i'nch  diameter,  inc. o.ooi      to  0.002  Large 

To  2-Inch  diameter,  inc. 0.002      to  o.oot>  Large 

^o  ji-inch  diameter,  inc 0.003      to  0.00^  \.ai^fc 

^o  6-inch  diameter,  inc 0.00^      to  0.00s  Y.\it%^ 


METRIC  ALLOWANCES  FOR  FITS  32^ 

Table  ^<  Continued 

^ORciNO  frts 

To  i-inch  diametef,  me»  . ..........  i .  6.60675  to  6.0615  Large 

To  i-inch  diameter,  inc 0.0015    to  0.0025  Large 

To  2-inch  diameter,  inc. 0.0025    to  0.004  Large 

To  3 J-inch  diameter,  inc 0.004     to  0.006  Large 

To  6-inch  diameter,  inc 0.006     to  0.009  Large 


SHRINKING  FITS — TOR  PIECES  TO  TAKE   HARDENED   SHELLS  |   INCH 

THICK  AND  LESS 

To  §-inch  diameter,  inc 0.00025  to  0.0005  Large 

To  I-inch  diameter,  inc 0.0005    to  o.ooi  Large 

To  2-inch  diameter,  inc o.ooi      to  0.0015  Large 

To  3 J-inch  diameter,  inc 0.0015    to  0.002  Large 

To  6-inch  diameter,  inc 0.002      to  0.003  Large 


SHRINKING    FITS  —  FOR    PIECES    TO    TAKE    SHELLS,    ETC.,    HAVING    A 

THICKNESS  OF  MORE   THAN  f   INCH 

To  §-inch  diameter,  inc 0.0005    to  o.ooi  Large 

To  I-inch  diameter,  inc o.ooi      to  0.0025  Large 

To  2-inch  diameter,  inc 0.0025    to  0.0035  Large 

To  3 J-inch  diameter,  inc 0.0035    to  0.005  Large 

To  6-inch  diameter,  inc 0.005      to  0.007  Large 


GRINDING  LIMITS  FOR  HOLES 

To  J-inch  diameter,  inc Standard  to  0.0005  Large 

To  I-inch  diameter,  inc Standard  to  0.00075  Large 

To  2-inch  diameter,  inc Standard  to  o.ooi  Large 

To  3 J-inch  diameter,  inc Standard  to  0.0015  Large 

To  6-inch  diameter,  inc Standard  to  0.002  Large 

To  12-inch  diameter,  inc Standard  to  0.0025  Large 


Metric  Allowances  For  Fits  of  All  Classes 

Table  6  covers  allowances  worked  out  by  the  Newall  Engineering 
Company  for  use  in  connection  with  metric  measurements;  the 
allowances  being  given  in  decimals  of  a  millimeter. 

The  Newall  system  is  based  on  a  hole  "basis,"  which  means  that 
all  holes  are  produced  as  near  the  standard  size  as  commercially 
possible  and  the  allowances  are  made  in  the  sivaLlX.  q.x  «:i\Jftsx  ^>o»55^. 
The  hrst  part  of  the  table  shows  the  toleratice?.  2JXo^?kJc\^\^'a^'5^^^^'^^ 
hole  for  two  grades  of  work  which  are  des\^iia\.eA.\i^  cSa-'^jyes*  K-jsxvcs.y* 
The  remainder  of  the  table  covers  ^ts  oi  vax\o\\?>  c\a.^^ft^- 
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Table  6  —  The  Newall  Standard 
Tables  of  Allowances  for  Various  Classes  of  Fits  in  Millimeters 

Tolerances  in  Standard  Holes  for  Two  Grades  of  Work 


Nominal  Dia. 

Up  to  IS 

16-2S 

26-so 

51-75 

76-100 

101-125 

126-150 

High  limit 

Low  limit 

Tolerance 

+  0.007 

—  0.007 

0.014 

+  0.013 

—  0.007 

0.020 

-|-  0.019 

—  0.007 

0.026 

+  0.026 

—  0.013 

•     0.039 

+  0.026 

—  0.013 

0.039 

+  0.026 

—  0.013 

0.039 

+  0.039 

—  0.013 

0.052 

High  limit 

Low  limit 

Tolerance 

+  0.013 

—  0.013 

0.026 

+  0.019 

—  0.013 

0.032 

-|-  0.026 

—  0.013 

0.039 

+  0.032 

—  0.019 

0.052 

+  0.039 

—  0.019 

0.058 

+  0.045 

—  0.019 

0.064 

+0.051 

—  0.026 

0.077 

Force  and  Shrink  Fits 


Nominal  Dia. 

Up  to  IS 

16-25 

26-50 

•  51-75 

76-100 

+  0.204 

+  0.152 

0.052 

101-125 

126-150 

High  limit 

Low  limit 

Tolerance 

-|-  0.026 

4-  0.013 
0.013 

+  0.051 

+  0.038 

0.013 

-l-  0.102 

+  0.077 
0.025 

+  O.I53 

+  0.115 

0.038 

+  0.255 

+  0.203 

0.052 

+  0.306 

+  0.254 
0.052 

Driving  Fits 


Nominal  Dia. 

Up  to  IS 

16-25 

26-50 

51-75 
+  0.064 

4-  0.039 
0.02  s 

76-100 

101-125 

126-150 

High  limit 

Low  limit 

Tolerance 

+  0.013 

+  P.007 

0.006 

+  0.026 

4-  0.019 
0.007 

+  0.039 

+  0.026 

0.013 

+  0.077 

+  0.051 

0.026 

+  0.089 

+  0.063 

0.026 

+  0.102 

+  0.076 

0.026 

Push  Fits 

—  Go  in  Easy  but  will  not  Turn 

Nominal  Dia. 

Up  to  15 

16-25 

—  0.006 

—  0.019 
0.013 

26-50 

51-75 

76-100 

—  0.012 

—  0.026 
0.014 

IOI-I25 

126-150 

High  limit 

Low  limit 

Tolerance 

—  0.006 

—  0.019 
0.013 

—  0.006 

—  0.019 
0.013 

—  0.012 

—  0.026 
0.014 

—  0.012 

—  0.026 
0.014 

—  0.012 

—  0.026 
0.014 

Running  Fits  for  Engine 

5  and  Similar  Work 

Nominal  Dia. 

Up  to  IS 

—  0.02s 

—  0.051 
0.026 

16-2S 

26-50 

51-75 

76-100 

101-125 

126-150 

High  limit 

Low  limit 

Tolerance 

—  0.032 

—  0.070 
0.038 

-  0.045 

—  0.090 
0.04S 

—  0.051 

-0.108 

0.057 

—  0.063 

—  0.127 
0.064 

—  0.076 

—  0.146 
0.070 

—  0.089 

—  0.16s 
0.076 

Running  Fits  for  Good  Average  Machine  Work 


Nominal  Dia. 

Up  to  IS 

i6-2S 

26-50 

51-75 

76-100 

101-125 

126-150 

High  limit 

Low  limit 

Tolerance 

—  0.019 

—  0.032 
0.013 

—  0.025 

—  0.051 
0.026 

—  0.032 

—  0.064 
0.032 

—  0.038 

—  0.076 
0.038 

—  0.051 

—  0.089 
0.038 

-  0.0s  7 

—  O.IOI 

0.044 

—  0.063 

—  0.II4 
0.051 

Running  Fits  for  Fine  Tool  Work 


Nominal  Dia 

High  limit . . . 
Z>ojv  limit 
Tolerance. 


16-25 


26-50 


-  0.019  —  0.019 
0.032I  —  0.039 
0.013 1        0.020 


51-75 


76-100 


101-125 


126-150 


—  0.033 


—  o.02S\  —  o.oasV  —  o.oii 

—  o.osi\  —  o.dsiV  —  o.ofeA  —  o.cqo 
o.026\       o.032\       o.oiiX       0.0^^ 
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Press  Fits  For  Wheel  Hubs 

The  practice  of  the  Boston  Elevated  Raikoad  is  to  allow  8  tons 
er  inch  of  diameter.  An  excess  of  2  tons  total  pressure  is  allowed 
>r  cast  iron,  while  the  miniiruim  pressure  mav  be  from  8  to  13  tons 
dow  the  normal  according  to  diameter,  as  shown  by  the  following 
ible.  These  are  for  cast  iron  hubs  with  the  cone  5  inches  in  diam- 
ter  ~  7i  inches  long.  For  cast  steel  or  wrought  iron  20  pef  cent 
reater  pressure  is  allowed. 


Diameter  of 
Fit 


2jtO  2iJ 

3  to  3^ 
3ito  sU 

4  to  4A 
4lto  4II 

5  to  sA 
si  to  sB 

6  to  6A 
6ito  6H 

7  to 
7}  to 

8  to  8tV 
8ito  8H 

9  to  qA 
9}  to  g{^ 

ID  to  lOj^ 


Preasttie 


12 
16 
20 
24 
28 

31 
35 

38 
42 

45 
49 

52 
56 

59 
63 
67 


Maximum 
Pressure 


22 
26 
30 

34 
38 

42 
46 

50 
54 

58 
62 

66 
70 

74 
78 
82 


Variation 
Allowed 
in  Tons 


10 


II 
12 

13 
14 

15 
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MACHINERY 

The  Dodge  Manufacturing    Company  has  different  standards 
)r  different  classes  of  work  for  running  fits.    Their  ordinary  bear- 
igs  vary  from  ^^  inch  for  i  inch  to  a  little  over  ^  for  6  inches, 
heir  clutch  sleeves,  which  are  babbitted,  run  very  much  closer, 
arying  from  0.008  to  about  0.0015  inch.    Loose  pulleys  are  seme- 
mes made  as  close  as  0.003  ii^ch  on  the  smaller  sizes.     The  com- 
any  has  found  that  a  good  standard  on  loose  pulleys  is  about  ^^ 
a  a  2i  inch  hole  and  varying  proportionately  for  diameters  eJaQ»N<b 
ad   below    that.    This    is  very  mucYi  iteet  \>[v^.^  TsvofsX,  ^^oss^'^ 
icommend,  but  it  has  been  found  that  m  VXie  ^etvet^  Vt^^^  ^^^^5' 
more  difBculty  in  having  a  little  too  tVg^X  a  i^X  X)a3a».  ^^^^  "^^  "^ 
riBg  the  £t  a  little  too  loose. 
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MAKING   ALLOWANCES    WITH    THE    CALIPERS    FOR 
RUNNING,  SHRINK,  AND  PRESS  FITS 

One  of  the  familiar  devices  of  the  machinist  consists  in  giving 
the  inside  calipers  a  certain  amount  of  side  play,  when  it  is  desir- 
able to  obtain  a  measure  minutely  less  than  the  full  diameter  of  the 
hole,  as  in  making  a  loose  or  running  fit,  or  a  sliding  fit  as  of  a 
plunger  in  a  cylinder.  Thus  in  Fig,  9,  A  is  the  diameter  of  the  bore,  B 
the  caliper  setting  and  C  the  side  play  permitted  the  caliper  in  the  hole. 

In  the  table  below  is  given  a  list  of  the  reduced  dimensions  for 
different  amounts  of  side  play  of  the  calipers  in  a  12- inch  hole. 
From  this,  the  dimensions  may  be  obtained  for  holes  of  other  diam- 
eters by  division.  Where  in  the  table  the  side  play  is  2  inches,  if 
we  divide  the  items  by  4  we  have  the  side  play  and  the  reduced 
dimension  for  a  3-inch  hole,  or  0.5  inch  and  2.9894  inches  respectively. 


Fig.  9.  — 


Side  Play  of  the  Calipers 


Table  of  Reduced  Diameters  Indicated  by  Inside  Calipers 
FOR  Different  Amounts  of  Side  Play  in  a  i  2-inch  Hole 

Side  play 

o.i : 

0.2 

0.4 

0.6 

0.8 •. 

I.O 

1.2 

1-4 ■' 

1.6 

1.8 : 

2.0 

2.2.   .  . 

^'4 ^^-9:?)^^ 

^■S ^T..C)T,T,^ 

^,0 w.go^ 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


9999 
9991 

9983 
9962 

9933 

9895 
9849 

9795 

9730 
9660 

9579 
9490 


CALIPER  SIDE  PLAY 


329 


Incliiiation  of  the  Calipers  in  Measuring  for  Shrink  or 

Press  Fits 

In  the  case  worked  out  on  page  328,  it  was  desired  to  produce  a  hole 
slightly  laiger  than  the  piece  to  go  into  it,  or  a  piece  slightly  smaller 
than  the  hole.  In  operations  where  a  hole  is  wanted  somewhat  smaller 
than  the  piece  to  be  shrunk  or  pressed  into  it,  a  similar  plan  of  meas- 
uring can  be  employed,  and  a  table  giving  the  tightness  can  be 
computed.  The  sketch,  Fig.  10,  will  serve  to  make  the  meaning  clear. 
The  distance  A  is  the  diameter  of  a  hole  and  line  a  is  the  length  of 
a  gage  the  exact  size  of  the  piece  to  be  pressed  or  shrunk  into  the 
hole.  The  distance  h  is  the  amount  the  gage  lacks  of  assuming  a 
position  square  or  at  a  right  angle  to  the  axis  of  the  hole. 

It  is  an  easy  matter  to  make  a  table  as  suggested.  It  is  only 
necessary  to  find  the  different  lengths  for  the  hypotenuse  a  for  the 
r^ht-angle  triangle  of  which  A  is  the  constant  oase  and  h  the  per- 
pendicular, taking  h  at  different  lengths  from  )  inch  to  2  inches. 
Assuming  the  diameter  to  be  12  inches,  then  the  lengths  indicated 
for  different  inclinations  in  the  direction  of  the  axis  will  be  as  given 
m  the  following  table. 


Fig.  10.  —  Inclination  of  the  Calipers  for  Press  Fits 

Table  for  Axial  Inclination  of  Calipers  in  Allowing  for 
Shrink  or  Force  Fits  in  a  i  2-inch  Hole 

Inclination  of 
calipers 

J  inch 1 2.00065 

}  inch 1 2.00260 

i  inch 1 2.00580 

J  inch 1 2.01040 
inch 12.01626 

1  inch 1 2.02340 

1  inch 12.03180 

I  inch 1 2.041 59 

i\  inches Yi.Q^ftjcp 

ij  inches 'L'i.oK^'>>'>?> 

if  inches -s.a.'s.ifc^^ 

2  inches ■va."vt>Vb^ 
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Side  Play  of  Calipers  in  Borine  Holes  Larger  than  a  Piece 

of  ELnown  Diameter 

The  following  is  an  approximate  rule  for  obtaining  the  variation 
in  the  size  of  a  hole  corresponding  to  a  given  amount  of  side  play 
in  the  calipers.  The  rule  has  the  merit  of  extreme  simplicity  and 
can  be  applied  equally  well  to  all  diameters  except  the  very  smallest. 
In  most  cases  the  calculation  is  so  simple  that  it  can  be  done  men- 
tally without  having  recourse  to  pencil  or  paper. 

The  Calculation 

Let      A  in  Fig.  ii  »  side  play  of  calipers  or  end  measuring  rod  in 

siocUenths  of  an  inch, 

B  —  dimensions  to  which  calipers  are  set,  or  length  of  measuring 

rod  in  inches. 

C  «  difference  between  diameter  of  hole  and  length  of  B  in 

thousandths  of  an  inch. 

A* 
Then  C  ~  — ^,  within  a  very  small  limit. 


Example:  A  standard  end  measuring  rod,  5^  inches  long,  has 
f  inch  of  side  play  in  a  hole.  What  is  3ie  size  of  the  hole  ?  In  this 
case  A  ^  6  and  B  =  5J.    Apply  the  above  formula: 

C  == =  —  =  3.27  thousandths  of  an  inch,  or  0.00327  inch. 

The  diameter  of  the  hole,  therefore,  is  5J  +  0.00327  or  5.50327. 

The  method  will  be  found  to  be  correct  within  a  limit  of  about 
0.0002  inch  if  the  amount  of  side  play  is  not  more  than  one  eighth 
of  the  diameter  of  the  hole  for  holes  up  to  6  inches  diameter;  within 
0.000s  inch  for  holes  from  6  inches  up  to  12  mc\ies\  axvA.  V\\}Si\a.  o,qo\ 
for  holes  from  12  inches  up  to  24  inches. 
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Allowing  for  Running  and  Driving  Fits 

This  rule  has  been  found  to  be  useful  for  boiing  holes  of  large 
diameters  in  which  allowances  have  to  be  made  for  running  or 
driving  fits,  as  only  a  single  measuring  rod  for  each  nominal  size  is 
required.  The  rods  should  be  of  standard  length,  or  a  known 
amount  less  than  standard,  the  allowances  being  obtained  by  varying 
the  amount  of  side  play  when  boring.  The  rule  is  also  capable  of 
determining  limits,  as  the  maximum  and  minimum  amount  of  side 
play  allowable  can  be  specified.  The  measuring  rods  should  be 
tapered  at  each  end  and  the  points  slightly  rounded.  For  accurate 
work,  the  body  of  the  rod  should  be  encased  in  some  non-conducting 
material  to  nullify  the  effect  of  the  heat  of  the  hand. 

In  comparing  this  method  with  that  described  on  page  330,  it 
should  be  remembered  that  the  conditions  are  reversed  —  that  is 
to  say,  the  first  method  is  for  setting  calipers  to  a  given  dimension 
smaUer  than  a  hole  of  known  diameter*  whereas  the  method  now 
described  is  for  boring  a  hole  a  given  amount  larger  than  a  gage  of 
known  length. 

In  measuring  the  side  play  it  is  sufficient  to  take  it  to  the  nearest 
sixteenth  of  an  inch,  and  ijf  anything  like  accuracy  is  required  it 
should  be  measured  not  guessed  at. 


DIMENSIONS  OF  KEYS  AND  KEY-SEATS 

The  following  rules  and  table  on  page  332,  as  prepared  by  Baker 
Bros.,  Toledo,  Ohio,  give  dimension  of  keys  and  key-seats. 

The  width  of  the  key  should  equal  one  fourth  the  diameter  of  the 
shaft. 

The  thickness  of  the  key  should  equal  one  sixth  the  diameter  of 
the  shaft. 

The  depth  in  the  hub  for  a  straight  key-seat  should  be  one  half 
the  thickness  of  the  key. 

The  depth  in  the  hub  at  the  large  end,  for  a  taper  key-seat,  should 
be  three  fifths  the  thickness  of  the  key. 

The  taper  for  all  key-seats  should  be  -f^  inch  in  i  foot  of  length. 

The  depth  to  be  cut  in  the  hub  for  taper  key-seats,  at  the  large 
end,  is  greater  than  those  cut  straight,  for  the  reason  that  unless 
this  is  done  the  depth  in  the  hub  at  the  small  end  will  not  be  sufficient, 
especially  in  long  key-seats. 

The  depths  of  key-seats  in  the  table  are  given  in  thousandths  of 
an  inch  and  measured  from  the  edge  of  the  key-seat,  and  not  from 
the  center.     In  this  manner  the  exact  depth  ol  ^LE^-?caX  Qas!k.\3fc 
measured  at  any  time  after  it  is  cut. 

For  extra  long  key-seats  the  depth  cut  In.  t\it  \i\]&a  xaa.^  \3fc  '^'^^^2^ 
increased,  but  for  the  average  work  the  tab\e  NvVLWsfc  ia>axA  q»tw2^ 
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DlUENSIONS  O 

F  Keys  amd 

Kev-Seats. 

(B 

« 

EX  Bkos.) 

■s? 

DnJirul    Pn 

-femsj 

Nearest 

Prefemd 

Naist 

t?i!" 

Depih  At 

-If 

X-  s 

ThickMM 

FVKtional 

y-SeS. 

CllllH 

oIKcy 

TTutkn.^ 

"If 

,. 

25 

.166 

A 

.093 

■  III 

'a 

1.062 

26s 

■'77 

093 

•i. 

1.12s 

,.,87 

281 
296 

■ 

.187 
..98 

i 

™»3 
109 

■131 

.1 

i-'S 

312 

V 

.208 

109 

.13' 

It 

I.3I2 

328 

'. 

.319 

109 

■131 

r-37S 

343 

.229 

123 

■»S 

]t 

1-437 
i-S 

355 
375 

■"39 

■25 

1=5 
12s 

■■5 
■IS 

lA 

1.56a 

39 

.26 

'2S 

■IS 

I 

1.635 

406 

-371 

- 

.t6S 

i 
1 

1,687 
■  ■875 

431 
437 
4S3 
468 

' 

.»8i 
.293 
.302 
.312 

■ 

141 
141 

'7' 

.168 
.16S 
.16S 
.206 

Vk 

'■937 

484 

-323 

'71 

.306 

S 

■333 

171 

.206 

It 

2.1=5 

S>5 

531 

■344 
.354 

171 

.206 

.306 

t 

a.  187 

J.2S 

547 
563 

.364 
.375 

171 

.206 
.206 

2.312 

578 

.38s 

1 

171 

.206 

2.375 

593 

■396 

2.8 

.263 

».437 

609 

.406 

2rS 

.261 

2-S 

6js 

.416 

218 

.262 

tf" 

.562 
2.62s 

641 
6s6 

■4»7 
.437 

s 

2rS 

.263 

.=62 

U 

2.687 

^.875 

672 
687 
703 
J19 

.448 

■X 

-479 

; 

' 

218 

218 
»5 

.262 
.263' 
.36a 
■3 

^n 

2.937 

734 

■49 

25 

■3 

h 

3.12s 

.521 

^5 

.3 

It 

3-'87 
3-35 

z 

■53' 

■542 

25 

25 

■3 
■3 

=>', 

3.37s 

844 

.56= 

3'a 

■375 

3A 

3.437 

859 

■573 

3'2 

■375 

3l 

3.5 

87s 

.583 

312 

■37S 

1 

3.6=5 
3.687 
3-75 

906 
923 
937 

.604 
.6,4 
.6=5 

3J» 
312 

312 

-37S 
■375 
■375 

'/   /  J.S7S  ! 

g6g 

.6.16 

H 

343 

.412 

1  3-937  /     ■ 

984 

■'eg  \   ft  \  -^^ 

\  "'. 

1    -f-             1     '■ 

r 

STRAIGHT  KEYS 


DOEEITSIOnS  OF  STRAIGHT  KEYS 


a  the  Ubie  following,  the  sizes  of  shafts  ranging  hy  sixt<:eii(hs 
from  ^  inch  to  4  inches  and  by  eiahlhs  from  4  to  6  inches.  The 
heya  are  square  until  the  i|  inch  shaft  is  reached,  when  the  thickness 
ot  the  key  becomes  -^  less  than  the  width.  With  the  4}  size  the 
thickness  of  the  key  becomes  i  inch  less  than  the  width  and  (his 
difierence  b  constant  up  to  the  5)  shaft  when  the  width  exceeds  the 
thickness  by  ^  inch,  this  difference  in  the  two  dimensions  continu- 
Ii^  tltroughaut  the  resoaiiider  of  the  table. 
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SQUARE  FEATHER  KEYS  AKD  STRAIGHT  KEY  SIZES 

The  tables  00  page  334  give  the  siies  rf  a<(iMt  ItaS^^i  V«^^  *^\, 
regular  straight  keys  In  accordance  'wUVv  the  ^xac^ws.  <A.  ^'™'^"-y^l. 
Laugblin,  Pittsburg.     For  taper  keys,  this  concern  «ai-o».'o-1  tfOosfi 
use  a  i-incb  per  foot  Uper. 
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SquASE  F&ATHEB  Key  Sizee.    (Jones  &  Lavghlin) 
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The  Babth  Key 
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PRATT  AND  WHITNEY  KEY  SYSTEM 


33S 


^    V 


The  Length  "L"  may  vary  from  the  table  given,  but  must  at  least 
be  equal  to  (2  X  W).  The  maximum  length  of  slot  which  can  be 
cut  in  the  Spline  Milling  machine  in  one  cut;  is  (4'  +  W).  Note 
that  the  Width  (W)  is  in  all  cases  equal  to  the  depth  (D). 


Pratt  &  Whitney  Key  System 


Key 
No. 

L 

w 

H 

D 

Key 
No. 

22 

L 

w 

H 

D 

I 

tV 

A 

A 

i 

i 

i 

2 

Ji 

Vl 

A 

A 

23 

if 

♦ 

it 

♦ 

3 

i 

A 

i 

F 

i 

A 

i 

4 

A 

A 

A 

24 

i 

i 

i 

5 

i 

i 

A 

i 

25 

li 

A 

il 

A 

6 

A 

a 

A 

G 

1 

A 

i 

7 
8 

f 

i 
A 

fi 

A 

51 
52 

If 

i 

A 

i 

if 

i 

A 

9 

A 

A 

A 

53 

i 

A 

i 

10 

A 

■« 

A 

26 

A 

A 

i« 

II , 

i 

A 

A 

A 

27 

2 

•  i 

i 

i 

12 

A 

a 

A 

28 

A 

if 

A 

A 

i 

i 

1 

29 

i 

A 

i 

13 

A 

A 

A 

54 

i 

i 

i 

14 

T 

A 

li 

A 

55 

^1 

A 

il 

A 

IS 

X 

i 

1 

i 

56 

2* 

f 

A 

i 

B 

A 

H 

A 

57 

A 

M 

A 

16 

♦ 

A 

A 

58 

A 

*i 

♦ 

17 

t1 

A 

li 

A 

59 

ol 

f 

A 

i 

18 

^8 

1 
4 

i 

i 

60 

25 

A 

ii 

A 

C 

A 

ii 

A 

61 

i 

i 

i 

19 

A 

A 

A 

30 

f 

A 

i 

20 

A 

Si 

A 

31 

A 

M 

A 

21 

li 

i 

1 

8 

1 

4 

32 

3 

J 

i 

,  4 

D 

/ 

A 
'    1 

A 

1 

33 

[34 

I     \^ 

\^ 

Whitoev  Keys 

AN 

D  Cutters. 

NOS.    I    TO 

36 

(Woodruff's  Patent) 

No.  of 
Collei 

?;,-,;• 

TWcfc- 

T 

I 

Cul 

TUd.- 

r 

A 

« 

c 

D 

A 

B 

c 

D 

J 

A 

A 

16 

t 

, 

A 

A 

s 

;s 

I 

s 

4 

A 

ti 

c 

19 

A 

' 

A 

7 
S 

; 

1 

D 
E 

1 

: 

A 

1 

A 

23 
F 

i 

I 

A 

A 

13 

s 

25 

A 

^' 

\ 

B 

' 

ft 

^ 

A 

~  g  V -^ 

ifoTE:     Refer  to  ubk  at  top  of  page  35    Sot  va\\ies  oV  ivmeuwro 


PROPORTIONS  OF  KEY  HEADS 
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CALIPERING  AND   FITTING 
Table  pok  Fiwding  Total  Kevway  Depth 


In  the  rolumo  marked  "  Size  of 
Sbaft"  find  the  number  representing 
the  size;  then  to  the  right  find  the 
column  representing  the  keyway  to  be 
cut  and  the  decimal  there  is  the  dis- 
tance A,  whkh  added  to  the  depth  of 
the  keyway  will  give  the  total  depth 
from  the  point  where  the  cutter  first 
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Tabix  job  Finding  Total  Eeywav  Depth 


In  the  column  marked  "Size  of 
Shaft"  find  the  number  representing 
the  size;  then  to  the  right  find  the 
column  rqjresenting  the  &yway  to  be 
cut  and  the  decimal  there  is  the  dis- 
tance A,  which  added  to  the  depth  of 
the  keyway  wilt  give  the  total  dqjth 
from  the  point  where  the  cutter  fltsl 
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Tafers  for  Kjws,  kic.,  fbom  A  «>  '  inch  pbr  Foot,    Amoont 
ox  Tapbk  K)b  Lxhoths  Vabyino  by  }  inch 
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TAPERS   AND   DOVETAILS 

MEASURING  TAPERS 

An  Accurate  Taper  Gage 

Thk  gage  illustrated  in  Fig.  i  is  an  exceedingly  accurate  device 
for  the  gaging  of  tapers. 

It  is  evident  that  if  two  round  disks  of  unequal  diameter  are  placed 
on  a  surface  plate  a  certain  distance  apart,  two  straight-edges  touch- 
ing these  two  disks  will  represent  a  certain  taper.     It  is  also  evident 


Fig.  I.  —  Accurate  Taper  Gage 

that  with  the  measuring  instruments  now.  in  use  it  is  a  simple  matter 
to  measure  accurately  the  diameters  of  the  two  disks,  and  the  dis- 
tance these  disks  are  apart.     These  three  dimensions  accurately  and 
positively  determine   the   taper   represented   by   the   straight-edges 
touching  the  rolls.     If  a  record  is  made  of  these  three  dimensions 
these  conditions  can  be  reproduced  at  any  time,  thus  making  it  pos- 
sible to  duplicate  a  taper  piece   even  though  the  ^^t\.  Taa:^  \NSi\.  "aS. 
the  time  be  accessible. 
The  formulas  on  the  following  pages  ma^  be  oi  «,e.T\\c^\».  ^<5iccsNR?> 
Hon  with  a  gage  of  this  character: 
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APPLICATIONS  OF  FORMULAS  343 

Formulas  for  Use  in  Connection  with  Taper  Gage 
To  find  Center  Distance  (/),  refer  to  Fig.  2. 

To  find  Disk  Diameters,  refer  to  Fig.  3. 

r  «  lli/  !.«  +  (ft  -  a)«  +  (ft  +  a)l 
Dia.  Small  Disk  »  2  r 


i?  =  lly/  L«  +  (ft  -  fl)«  -  (ft  -  a)  1 

Dia.  Laige  Disk  =  2  R 

To  find  Taper  Per  Foot  (r),  refer  to  Fig.  4. 

To  find  Width  of  Opening  at  Ends,  refer  to  Fig.  5. 


""'■y/r 


-(R-r) 
+  iR-r) 

Width  of  opening  at  Small  End  =  2  a. 

~-r) 


ll  +  jR-r) 
\  l-{.R-r) 


Width  of  Opening  at  Large  End  =  2  ft. 


Applications  of  Formulas 

To  Find  Center  Distance  Between  Disks 

Suppose  there  are  two  disks  as  shown  in  Fig.  2,  whose  diameters 
are  respectively  i\  and  i  inch.  It  is  desired  to  construct  a  taper  of 
t  to  the  foot  and  the  center  distance  /  between  disks  must  be  deter- 
mined in  order  that  the  gage  jaws  when  touching  both  disks  shall 
give  that  taper. 

Let  R  «=  radius  of  large  disk,  or  0.625  inch. 
r  =  radius  of  small  disk,  or  o.^oo  \rvc\v. 
/  =  taper  j>er  inch  on  s\de,  ot 

0-75Q  ^  .     V 

=  0.0'^I2S  "KVCIi. 

24  00 
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Then 


).03i25  y 


-^y/.-^- 


cxx)976  =  4  X  1.0005  =°  4.002  inches. 


To  Find  Disk  Diameters 

Suppose  the  gage  jaws  are  to  be  set  as  in  Fig.  3  for  a  three-inch 
per  foot  taper  whose  length  is  to  be  four  inches.  The  small  end  is 
to  be  exactly  J  inch  and  the  large  end  for  this  taper  will,  therefore, 
be  li  inches.  What  diameter  must  the  disks  be  made  so  that  when 
the  jaws  are  in  contact  with  them  and  the  distance  L  over  the  disks 
measures  4  inches,  the  tap)er  will  be  exactly  three  inches  per  foot? 
Here  a  represents  \  the  width  of  opening  at  the  small  end,  and  h  one 
half  the  width  of  opening  at  the  large  end.  The  radius  of  the  small 
disk  may  be  found  by  the  formula: 


Then 


-ly 


L2  +  (6  -  a)2  +  (6  +  a) 


__  0.250 


f  i/  16  +  0.25  +  0.5  j 


4 
=  0.0625  (4.031 1  +  0.5)  =  0.2832. 

Diameter  small  disk  •=  0.2832  inch  X  2  =  0.5664  inch. 
For  the  large  disk: 


i?  ==T 


Then 


==  I  I  y/  Z.--'  +  (6  -  a)«  -  (6  -  a)  I . 
=  ^(y/x6+ 0.25 -0.5) 


=  0.1875  (4.03 1 1  —  0.5)  =  0.6621. 
Diameter  large  disk  =  0.6621  inch  X  2  =  1.3242  inches. 

To  Find  Taper  Per  Foot 

In  duplicating  a  taper  the  gage  jaws  may  be  set  to  the  model  and 
by  placing  between  the  jaws  a  pair  of  disks  whose  diameters  are 
known  the  taper  per  foot  may  be  readily  found.  For  example,  the 
jaws  in  Fig.  4  are  set  to  a  certain  model,  two  disks  0.9  and  i.i  inch 
diameter  are  placed  between  them  and  the  distance  over  the  disks 
measured,  from  which  dimension  /  (which  is  3.5  inches)  is  readily 
found  by  subtracting  half  the  diameters  of  the  disks.  Here  /  repre- 
sents the  center  distance  as  in  Fig.  2.  To  determine  the  taper  per 
/bot  which  may  be  represented  by  T,  the  formula  is: 


r=2    I ^""^  \ 


WIDTH  OF  GAGE  OPENING  345 

Then 

r  =  .4  (       °-^       )  =  ^4  {-^)  =  0.684 

W  12.25  -  o.oi  /  \3-49o5  / 

Taper  per  foot  =  0.684  ii^cb* 


To  Find  Width  of  Opening  at  Ends 

If,  with  the  ends  of  the  gage  jaws  flush  with  a  line  tangent  to  the 
disk  peripheries  as  in  Fig.  5,  it  is  required  to  find  the  width  of  the 
opening  at  the  small  end  where  a  represents  one  half  that  width, 
the  following  formula  may  be  applied,  the  disks  being  as  in  the  last 
example  0.9  and  i.i  inch  diameter  resp>cctivcly,  and  the  center  dis- 
tance 3.5  inches: 


-v^ 


Then 

a  =  0.45 


ll- 

(R-r) 

l+iR-r) 

/  3-5 

-  (-55  " 

.45) 

3-5 

+  (.55  - 

.45) 

0.4.' 

?  v. 0444^1 

1=  .- 

0.4373  inch  X  2  =  0.8746  inch  width  of  opening  at  small  end  of  gage. 

Similarly  the  width  of  opening  at  the  large  end  of  the  gage  may  be 
found  as  follows,  where  b  =  half  the  width  of  the  large  end. 


Then 


6  =  0.55  . /3-5  +  (;55  -  . 
V  3-5  -  (-55  " 


-  .45) 
45) 


=  O.S5  4/--'-  =  0.5s  —  i.os?»%2  =  .S^<,^^ 

V  3.4 

0.56595  J'ocb  X  2  =  1.1319  inch  =  width  qI  o\i^mTv^  \jX  \^^^^^  ^^^ 
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BROWN  8i  SHARPE  TAPERS 
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MORSE  TAPERS 
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MORSE  TAPERS,  SHORT  SHANKS  351 
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The  Standasd  Tc»i.  Company's  Standabd  Taper  Shanks 


" 

No.  or 

Taper 

Jrt'^:? 

Shank 

A 

B 

C 

D 

E 

F 

0 

.2406 

3626 

^  i 

2^ 

A 

ft 

3Sii 

4814 

3 

2fs 

,'V 

« 

5531 

7099 

^ 

3 

75^9 

M?2 

3 

)9o8        J 

'4lB 

6 

3638        : 

S104 

^A 

7 

7 

»6849    1    3 

2903 

' 

■i 

No.  of 

WldO, 

L^b 

»i.„„ 

Tap„ 

Tsptr 

''""' 
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oSigi 
05250 
05216 
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The  Standabd  Tool  Cowanv's  Shobt  Taper 
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THE  STANDARD  TOOL  CO'S.  SHORT  TAI^R  SHANES 

Tbe  table  shows  the  short  taper  shanks  of  the  Standard  Tool 
Company  (or  giving  a  tang  of  increased  strength. 

Sockets  and  sleeves  arc  furnished,  made  with  the  outside  taper 
to  fit  the  regular  taper  of  spindles  of  drill  presses;  the  inner  tai^t 
teing  suitable  for  the  short  ^anks  and  a\ao  ma.ie  ■w\'Ca\»'C^  isvaM&s. 
^ad  inside  taper,  conforming  to  the  new  slaniaiA,  rav4  '^BSR^aMJ=t. 
/i^cbange  or  nest  into  each  other. 
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THE  REED  TAPER 

The  F.  E.  Reed  Company,  Worcester,  Mass.,  uses  in  its  lathe 
spindles  the  i  in  20  taper  (0.6  per  foot)  which  the  Jamo  system  is 
based  on.  The  diameters  of  the  Reed  tapers,  however,  differ  from 
the  Jamo,  and  the  lengths  in  most  cases  are  somewhat  less.  The 
dimensions  are  given  in  the  table  below. 


F.  E.  Reed  Lathe  Center  Tapers 

TAPER  PER  FOOT  ==  0.6  INCH.   TAPER  PER  INCH  =  O.05  INCH 


Size 
of 

Dia.\>f  Small 
End  of 
Taper 

Length  of 
Taper 

Size 

of 

Lathe 

Dia.  of  Small 
End  of 
Taper 

Length  of 
Taper 

Lathe 

A 

B 

A 

B 

12-^ 

Special  i6^ 
18-' 

3f 

4i 

4i 
4i 
5iV 

20^^ 

22^^ 

24-^ 
27* 

30* 

li 

2 

5i^ 
5A 
5i 
5i 

5i 

THE  JARNO  TAPER 

While  the  majority  of  American  tool  builders  use  the  Brown  & 

Sharpe  taper  in  tneir  milling-machine  spindles  and  the  Morse  taper 

in  their  lathes,  a  number  of  firms,  among  them  the  Pratt  &  Whitney 

Company,  Hartford,  Conn.,  and  the  Norton  Grinding  Company, 

Worcester,  Mass.,  have  adopted  the  "Jamo"  taper,  the  proportions 

^f  which  are  given  in  the  accompanying  tab\e.    liv  vYv\s,  ?.N?>leav  the 

"0/  which  is  0,6  inch  per  foot  or  i  In  20,  \.\ve  tvwmVjex  ol  \)nfc 

Js  the  Aey  by  which  all  the  dimensions  are  \mmed\aX.fe\N  e^«x.w- 


JARNO  TAPERS 


355 


mined  without  the  neceasity  even  of  refeiriog  to  the  table.  That  is, 
the  number  of  the  taper  is  the  number  of  tentbs  of  an  inch  in  diam- 
etCT  at  the  small  end,  the  number  of  eighths  o£  an  inch  at  the  large 
end,  and  the  number  of  halves  of  an  inch  m  length  or  depth  For 
example  the  No  6  taper  is  six  eishtlis  (])  mch  diiuiieter  at  large 
end,  SIX  tenths  (-fg)  diameter  at  the  small  end  and  su  halves  (3 
inches)  m  length  Similarh,  the  No  t6  taper  is  Y>  or  a  inches 
diameter  at  the  large  end,  } j  or  i  6  mches  at  the  small  end,  ^  or 
8  inches  m  length 


JAI 


3  Tapeks 


Dia.  Large  End  —  — '■ — 5 — ^-^ 
Dia.  Small  End  ^  No.  of  Taper 
Length  of  Taper  =  - 


No.  of  Taper 
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Sellers  Tapebs 
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TAPER  PINS  AND  REAMERS 


THE  SELLERS*  TAPER 

Thx  qrstem  of  tapers  used  by  WilliBm  Sellers  &  Companjr,  Inc., 
of  Philadelphia,  Fa.,  in  lathes,  drilling  and  baring  machines,  is 
given  in  the  preceding  table.  The  taper  is  (  inch  per  foot  and  each 
me  of  Upcr  is  splined  as  sbowa  (or  a  key  the  dimensions  tJ  wbicfa 
are  inchided  in  the  table.  The  pitch  of  the  spiral  for  the  drills  used 
by  the  f:onipaay  is  also  included. 


I 


TAPER  mis  AVD  REAMERS 
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Table  op  Dkiu.  Sues  h)k  Taper  Pins 


brill  SluB  for  Taper  Pin 

The  (able  giva  Ihc  dnU    urs 
taper  pins  mnEUig  in  Ipogtha 
inch  fioiB  No.  oTT  inch  long       N 
la,  6  incba  long.    The  dluaet 
Ibe  ftOiaU  end  of  tbe  pin         sic 

in^the  drill  site  in  the  6f th  od 
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Tapebs  tbom  a  to  'i 

AMOUNT  OF  TAPER 


It  Foot 

0   24  INCHES 


-1 

Tafeu  pee  Foot 

fi 
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A 
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1 

1 
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.0781 

■"977 

-0052 

^78 

.0208 

■03" 

.0417 

.0521 

■0833 

.1042 

.0104 

.0156 

^20S 

.0417 

0625 

■-^33 

■!2S 

.1667 

.20S3 

3 

^.56 

■°'34 

^312 

^625 

■"937 

.1250 

:;562 

.1875 

.250 

■3"5 

.0208 

^312 

■0417 

•<>833 

■■25 

.,667 

.2083 

■3333 

4167 

5 

.0260 

■0391 

.0521 
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Tapers  Pek  Foot  in  Inches  ahd  Cobkespohdino  Angles 
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TABLE  FOR  USE  Dl  COMPUTHIG  TAPERS 


In  tht  table  on  pages  j6j  and  363  the  quanlilies  when  expressed  in 
Inches  represent  the  taper  per  inch  corresponding  to  various  angles 
advancing  by  10  minutes  from  10  minutes  to  90  degrees.  If  an  angle  is 
given  as,  say,  27)  degrees  and  it  is  desired  10  find  the  corre^x>nding  taper 
in  inches,  the  amount,  0.4894  may  be  taken  directly  from  the  table. 
This  'a  the  taper  per  inch  of  length  measured  as  in  Fig.  6,  along  the 
sils.     The  taper  in  inches  per  fool  of  length  is  found  by  multiplying 

Fig.  6.  —  Taper  per  Inch  and  Corresponding  Angle 

the  tabulated  quantity  by  la,  and  in  this  particular  case  would  be 
0.4894'  X  12  =  5-8728'.  Where  the  included  angle  is  not  found 
directly  in  the  table,  the  taper  per  inch  is  found  as  follows:  Assume 
Ihal  the  angle  in  question  is  1  ij  degrees,  then  the  nearest  angles  in  the 
table  are  la"  10"  and  12°  20',  the  respective  quanlilies  tabulated  undec 
these  angles  being  0.31314.  and  0.11610.  The  difference  between 
the  two  is  o,oojq6,  and  as  ul"  ia  half  way  between  12°  lo'  and 
12°  20'  one  half  of  0.00296,  or  0.0014B  is  added  to  0.21314,  giving 
0.21462'  as  the  taper  of  a  piece  i  inch  in  length  and  of  an  included 
angle  of  taj  degree.  The  taper  per  toot  equals  0.21362'  x  la  — 
2.S'',i4'- 

TABLE  FOR  DIHENSIONING  DOVETAIL  SLIDES  AND  GIBS 

The  table  on  piige  3(15  is  figured  for  marhine-lool  work,  so  as  to 
enable  one  to  lell  at  a  glance  the  amount  to  be  added  or  subtracted  in 
dimensioning  dovetail  slides  and  their  gibs,  for  tiie  usual  angles  up 
to  60  degrees.  The  column  for  45-degree  dovetails  is  omitted,  as  k 
and  B  would,  of  course,  be  alike  fur  this  angle. 

In  the  application  of  Ihe  table,  assuming  a  ba.se  with  even  dimen- 
aiona,  as  in  the  sketrh  Fig.  7,  to  obtain  the  dimensions  x  and  y  of 
the  slide  Fig,  8,  allowing  tor  the  gib  which  may  be  assumed  to  be 
i  inch  thick,  the  perpendicular  depth  of  the  dovetail  being  j  inch, 
and  the  angle  60  degrees,  look  under  column  A  for  |  inch  and  it 
will  be  found  opposite  this  that  B  is  0,360  inch,  which  subtracted 
from  3  inches  gives  1,640  inches,  the  dimension  x.  To  find  y  fitst 
ge/  Ihe  dimension  1.640  inches,  then  under  the  column  for  60-d^ree 
(P&s  fivhere  C  is  }  inch),  D  is  found  lobe  o.»aqmrti,«l\ich  is  added 
i>  1.640,  giving  I. pap  inches.  ^^^ 

Jfl  practice  this  dimensian  is  usually  made  a  \\U\e  \aTs,«,  3"^^| 
'  ira/esf  61th,  10  allow  for  fitting  vhe  g^b.  I^M 


DIMENSIONING  SUDES  AND  GIBS 


365 


Table  for  Dimensioning  Dovetail  Slides  and  Gibs 
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IfEASURING  EXTERNAL  AND   INTERNAL   DOVETAILS 

The  accompanying  table  of  constants  is  for  use  with  the  plug 
method  of  sizing  dovetail  gages,  etc.  The  constants  are  calculated 
for  the  plugs  and  angles  mostnn  use;  and  to  use  them  a  knowledge 
of  arithmetic  is  all  that  is  required.  The  formulas  by  which  they 
were  obtained  are  added  for  the  convenience  of  those  who  may  have 
an  unusual  angle  to  make. 


B i 


W-B 
X-A 
Y^-B 
Z  -A 


-B 

+  E 
+  D 
-D 


Fig.  9.  —  External  and  Internal  Dovetails 


As  an  example  of  the  use  of  the  table,  suppose  that  Z,  Fig.  9,  is  the 
dimension  wanted,  and  that  the  dimension  A  and  the  angle  a  arie 
known.     A  glance  at  the  formulas  above  shows  that  Z  =  A  —  D, 
Then  the  constant  D  corresponding  to  tV\e  s\ze  ol  p\\i^  axv^  VW  ^xv^k 
J^sed  is  subtracted  from  A  and  the  remainder  eq\xa\s  Z.    Yot  Vcv«»\a»xvc^, 
^^T'  ^'^    ^^^  P^m  used  =  I*,   and  the  angje  =  2>Q  ^^?.^^^^>  ^^^^ 
"^  ^  -  ^  =  4^  -  1.024$"  =  2.9755", 


CONSTANTS  FOR  DOVETAILS 


3^7 


If  i4  is  not  known  but  B  and  C  are  given,  according  to  the  formula 
below  the  table  A  =  B  +  C  F.  Then  if  5  =  3.134',  C  =  i\ 
and  the  angle  is  30  degrees,  as  before,  A  =^  B  -{■  C  F  =  3.134'  + 
(.75*'  X  1. 1 547)  =  4'»  whence  Z  can  be  found,  as  already  shown. 

If  the  comers  of  the  dovetail  are  flat,  as  shown  in  Fig.  9  at  7  and 
G,  and  the  dimensions  I  and  H  and  the  angles  are  known,  it  will  be 
found  from  the  formulas  below  the  table  that  A  also  =  I  -\-  H  F; 
so  that  if  7  =  3.8557',  H  =  J',  and  the  angle  =  30  degrees,  then 
i4  =  7  +  77  75"  ==.  3.8557'  +  (.125'  X  1. 1547)  =  4',  from  which  Z  is 
found  as  before. 

Constants  for  Dovetails 
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TOOL  FOR  UYIHG  OUT  ANGLES  ACCTTRATELT 

The  bevel  gage  here  shown  is  for  laying  out  angles  accuralely. 


roi 


half  inch  and  open  the  gage  till  it  fits  the  vernier;  this  gives  the  angle 
within  the  limits  of  the  measuring  tool  and  the  radius  of  the  gage. 
The  eighth-inch  hole  in  the  center  is  for  a  setting  plug  when  it  Is 
desirable  to  lay  out  an  angle  from  a  given  center. 

The  table  gives  the  measurements  over  the  half  disks  required  for 
setting  the  arras  of  the  gage  to  give  any  angle  from  i  to  45  degrees, 
and  also  the  setting  for  any  number  o(  holes  in  a  circle  from  3  to  22. 

Table  For  Setting  Tool  For  Laying  Out  Angles 
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Caoi  SETTDioa  Foa  Holes  i> 
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STAHDASD  JIG  PARTS 

Drill  Bushings 

When  drilling  and  reaming  operations  are  to  be  performed  in 
.lie  same  jig,  two  slip  bushings,  one  for  the  drill  and  the  other  for 
he  reamer,  should  be  tued;  if  the  jig  is  to  be  used  for  a  large  numr 
>er  of  parts,  the  hole  for  the  bushings  should  in  turn  be  hushed 
with  a  steel  lining  to  prevent  wearing.  The  soft  cast-iron  will  wear 
-apidly  if  this  is  not  done,  and  the  jig  will  soon  have  to  be  rebored 
uid  lebusbed. 
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Three  different  styles  of  bushings  with  tieir  dimensions  are  shown 
in  Figs.  I,  2  and  3.  These  can  be  blanked  out  in  quantities  and 
finished  to  required  sizes  as  needed,  and  should  be  made  of  tool 
steel.    Allowances  should  be  mode  in  the  blanks  for  grinding  and 
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Fig.  3,  —  Fixed  Btishings 

lapping  after  hardening.  Fig.  i  shows  a  slip  bushing;  Fig. 
stationary  bushir^,  and  Fig.  3  a  stationary  bushing  where  looU 
stop  collars  are  to  be  used.  Such  bushings  as  shown  in  Figs,  s 
3  are  also  used  for  linings  for  slip  bushings. 


Collar-Head  Jig  Screws. 
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Binding  Screws 

Binding-^iews  should  be  )nade  in  varbus  sizes  suid  with  threads 
Xo  confonnj^  the  standard  taps  with  which,  the  shop  is  provided. 
Wlien  drillf  of  a  very  large  size  are  used,  a  screw  with  a  square  01 
bexagon  htfd  is  best,  as  (he  work  requires'firm  clamping.  U  the 
drills  used  'kx  small,  a  winged  scre^  will  be  sufficient  and  more  con- 
vmient,  as  it  will  require  less  time  to  manipulate.  Some  good  screws 
for  clamping  straps  are  shown  in  Figs.  4  and  5.  Of  course  the  screws 
can  be  made  of  any  length  desired. 

When  the  work  is  to  be  held  against  the  seat  or  a  slop  by  means 
of  ft  set-screw,  such  screws  as  shown  in  Figs.  6  and  7  will  be  found 
veiy  usefuL     If,  however,  the  work  is  very  light,  a  wing  screw  can 
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Supporting  Screws 

Figs.  S  and  9  show  screws  that  are  useful  in  siq>porting  work  against 
the  thrust  of  drills  when  the  work  is  of  such  a  nature  that  it  cannot  be 
supported  otherwise. 

Locking  Screws 

A  convenient  hinge-cover  locking  screw  ts  shown  In  Fig.  10.  This 
screw,  when  used,  should  be  adjusted  so  that  only  a  quarter  turn  will 
be  needed  to  clamp  or  release  the  cover,  which  should  be  slotted 
to  admit  the  head  of  the  screw. 

The  different  sizes  of  the  styles  ot  screws  s\io-»m  mu  &<*.  <s^l  -4'»«*- 
with  drilling  jiga,  but  are  equally  U3etu\  wifti  aft«T  yf?  ^-"^^  '^"*^^S*' 
These  screws  should  be  made  oi  screw  SWdt  ani  taaeA^KAsswA- 
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Nurted-Hewl  Jis  Screws 


Strap  DimeuBions 

A  convenient  Strap  to  use  with  these  jigs  ia  shown  in  Fig.  ii.  The 
straps  should  be  made  of  bessemer  steel  and  case-hardeoed  after 
finishing.  The  slot  G  can  be  located  in  the  proper  position  and  made 
of  such  dimensions  as  to  allow  the  strap  to  l>e  slipped  back  out  of 
the  way  when  work  is  being  placed  in  and  taken  from  the  jig. 
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Fio.  lo.  —  Locking  Jig  Screws 


HANDLES  AND  KNOBS 
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The  erection  of  a  perpendicular  by  the  construction  of  a  triangle 
whose  sides  are  respectively  3,  4  and  5  units  in  length  is  a  familiar 
and  handy  device.  The  following  table  gives  a  greater  range  of 
choice  in  the  shape  or  proportions  of  the  triangle  employed.  The 
table  is  a  list  of  all  integral,  or  whole-number,  right-angled  triangles 
the  units  of  whose  least  sides  do  not  exceed  20. 
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TABLE  OF  CHORDS 

To  construct  any  angle  from  the  table  of  chords,  page  388:  Let  the 
required  angle  be  36°  38';  the  nearest  angles  in  the  table  are  36°  30'  and 
36P  40^,  and  the  chords  are  respectively  0.6263  and  0.6291,  the  differ- 
ence 0.0028  corresponding  to  an  angular  difference  of  10'.  To  find 
the  amount  which  must  be  added  to  0.6263  (the  chord  corresponding 
to  36P  30')  in  order  to  obtain  the  chord  for  a  36®  38'  arc,  multiply 
0.0028  by  A  =  0.00224.  0.6263  +  0.00224  '^  0.62854.  Then,  if  the 
radius  is  i    and  the  angle  36°  38'  the  chord  will  be  0.62854^. 


In  laying  out  an  angle  as  in  the  accompanymg  illustration  a  base 
line  A  B  can  be  drawn,  say  10  inches  long,  then  with  a  radius  A  B 
and  center  .4,  arc  5  C  can  be  struck.  Multiply  chord  0.62854  inch 
by  10  giving  6.2854  inches,  as  the  radius  of  an  arc  to  be  struck  from 
center  B  and  cutting  arc  B  C  sXC.  Through  point  C  draw  a  line 
A  C  and  the  angle  B  A  C  will  equal  36**  ^'&'. 

Where  the  angle  required  is  in  even,  de^iefcs  ox  ^yxJCc«»  ^  ^^e^gswes* 

(as  jo',  20%  etc.)  the  corresponding  chord  rcva^  \>t  Xa^ea  ^w^^c'C^  Vvs«v 

the  table.     A  10  to  i  layout  is  particuVarXy  eouN«v\e,Tv\.  «a  ^«.  xsv\^- 

plication  of  the  tabu/ated  chords  by  10  \a  TcaAVXv  v^^oTOvfsS^  xoswxNaK^ 


388       SHOP  AND  DRAWING   ROOM  STANDARDS 


tEE 

I  A. 

BULATED 

QUANTITIES  —  TW 

ICE  THE 

SINE  OF 

BALF  TE 

MARC 

n=e. 

0- 

,tf 

""      1 

3=' 

V 

SO- 

6=' 

^ 

.0000 

OOJI) 

^58 

"62 

0116 

01+5 

^174 

0174 

■°233 

0291 

0349 

0349 

o37« 

^407 

0436 

0465 

0533 

3 

■OS'3 

■0553 

■0582 

061 1 

0640 

0669 

D698 

4 

0698 

0737 

■0736 

0785 

0814 

0843 

^7' 

s 

0871 

0901 

■0930 

°9S9 

0988 

1017 

1047 

6 

1047 

1076 

.1105 

"34 

T163 

1192 

7 

1250 

.1379 

1308 

1337 

1366 

'395 

8 

1395 

■MS3 

1482 

156Q 

9 

1569 

ls98 

.,627 

1656 

l^] 

1714 

1743 

■743 

1773 

.1801 

1830 

'859 

1888 

1917 

19' 7 

1946 

■1975 

J004 

=033 

2062 

2119 

.2.48 

2177 

2206 

'235 

2^ 

'3 

2264 

2293 

.2322 

2351 

3380 

3437 

>4 

2437 

2466 

■3495 

^534 

3553 

3582 

26TO 

15 

afiio 

2639 

.2668 

2697 

2726 

'755 

3783 

i6 

178J 

2812 

.2841 

2870 

3899 

2927 

3956 

17 

'950 

3985 

.3014 

1042 

3071 

3100 

3129 

18 

3139 

3157 

.3186 

3»i5 

3343 

3372 

3301 

19 

3301 

3330 

-3358 

3387 

34.6 

3444 

3473 

3473 

3S°3 

■3530 

3559 

IS87 

3616 

3645 

364s 

3673 

■3703 

3730 

3759 

3788 

3816 

3816 

3845 

-3873 

3902 

393" 

3959 

S 

=3 

3987 

4044 

4073 

4130 

34 

-H58 

4187 

4215 

4=43 

4273 

4300 

4339 

35 

4329 

■4357 

4385 

4414 

447' 

4499 

a6 

■4499 

4527 

4556 

4584 

46,2 

4641 

4669 

27 

^669 

4697 

47'S 

4754 

4783 

48,0 

4838 

38 

48.5S 

4867 

4895 

49^3 

4951 

5^8 

ag 

.5008 

5036 

.5064 

5°93 

5MB 

S'76 

30 

5176 

5304 

■5=33 

5=6- 

5189 

5317 

534S 

31 

5345 

5373 

■5401 

5439 

54S7 

5485 

5513 

3!" 

SS'3 

5541 

■5509 

5596 

5634 

5653 

5680 

33 

5680 

5708 

■5736 

5764 

5793 

5820 

5847 

34 

5847 

587s 

■59°3 

5931 

5959 

5986 

6014 

35 

6014 

6042 

.6069 

6097 

612s 
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I-SOO           3 

JXX> 
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.156 

3t8 

469 

616 

.783 

■937 

ai 

17"-  8' 

.149 

198 

447 

596 

■745 

894 

»3 

ifi'-ia' 

.141 

186 

4*7 

569 

-713 

855 

"i 
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.522 

637 

Sr 

"'-37' 

lOl    \ 

302 

■303 

404 

\-^A 
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TABLE  FOR  SPACING  HOLES  IN  CIRCLES 

The  table  on  pages  390  and  39 1  will  be  found  of  service  when  it 
is  desired  to  space  any  number  of  holes  up  to  and  including  32,  in  a 
circle.  The  number  of  divisions  or  holes  desired  will  be  found  in 
the  first  column,  the  corresponding  angle  included  at  the  center 
being  given  as  a  convenience  in  the  second  column.  The  remaining 
column  heads  cover  various  diameters  of  circles  from  i  to  1 2  inches, 
and  under  these  different  heads  and  opposite  the  required  number  of 
holes  will  be  found  the  lengths  of  chords  or  distances  between  hole 
centers  for  the  given  circle  diameter. 

Thus,  if  it  is  required  to  space  ofiF  18  holes  in  an  8-inch  circle,  by 
following  down  the  first  column  until  18  is  reached  and  then  reading 
directly  to  the  right,  in  the  column  headed  "Length  of  Chord- 
Dia.  8,"  will  be  found  the  distance  1.389  as  the  chord  length  for  that 
number  of  divisions  and  diameter  of  circle.  Or,  suppose  a  circle  of 
1 2  inches  diameter  is  to  be  spaced  off  for  a  series  of  27  holes  to  be 
drilled  at  equal  distances  apart:  Opposite  27  found  in  the  first 
column,  and  under  the  heading,  "Dia.  12,"  will  be  found  the  chord 
1.393  ^^  the  length  to  which  the  dividers  may  be  set  directly  for  lay- 
ing ofiF  the  series  of  holes. 

If  it  is  desired  to  lay  off  a  series  of  holes  in  a  circle  of  some  diam- 
eter not  given  in  the  table,  say  10  holes  in  an  iij-inch  circle,  sub- 
tract the  chord  for  10  holes  in  an  ii-inch  circle,  or,  3.399  from  the 
chord  in  the  "Dia.  12"  column,  or  3.708, and  add  half  the  difference 
(.154)  to  3.399,  giving  3.553  as  the  chord  or  center  distance  between 
holes.  Or,  if  24  holes  are  to  be  equally  spaced  in  a  20-inch  circle, 
all  that  is  necessary  in  order  to  find  the  chord,  or  center  distance,  is 
to  find  opposite  24,  and  in  the  column  headed,  "Dia.  10,"  the 
quantity  1.305  and  multiply  this  by  2,  giving  a  length  of  2.610  inches 
as  the  center  distance. 


TABLE  OF  SIDES,  ANGLES  AND  SINES 

The  table  on  pages  393  to  397  is  carried  out  for  a  much  higher 
number  of  sides  or  spaces  than  are  included  in  the  preceding  table 
and  will  be  found  useful  in  many  cases  not  covered  by  that  table. 
It  was  originally  computed  for  finding  the  thicknesses  of  commutator 
bars  and  also  for  calculating  the  chord  for  spacing  slots  in  armature 
punchings.  In  using  this  table  the  diameter  of  the  circle  is,  of 
course,  multiplied  by  the  sine  opposite  the  desired  number  of  holes 
or  sides. 

Assuming  for  illustration  that  a  series  of  51  holes  are  to  be  equally 

spaced  about  a  circle  having  a  diameter  of  17  inches,  opposite  51  in 

the  column  headed  "No.  of  Sides,"  find  the  quantity  .06156  in  the 

column   headed  "Sine,"  and  multiply   this   quantity  by   17.     The 

product  1.0456  is  the  length  of  the  chord  or  the  required  distance 

between  centers  of  the  holes  for  this  circle.     Or,  \i  ^o  e;c\\\\d\?>Urvt 

points  are  to  he  spaced  about  a  circle  16  mc\vea  d\arc\e\.eT,  o\iVc»^\\a 

,  ^w/72Z>er  0/  sides,  40,  will  be  found  l\\e  quatv\^\l>f  .o^?>^sc)  >NV\Oci 

.multiplied  by  16  gives  1.255  inch  as  the  distance  betvieetv  c^xvVtx?.. 
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5-17-38-81 

.0922683 

33. 

.03784.4 

3S 

5-  8-34.38 

.0896392 

84 

2-^31:28 

-03739H 

36 

5- 

.0871557 

85 

1-  7-  3-S4 

-03695.5 

4-5'-53-5' 

.0848058 

86 

2-  5-34.88 

.0365220 

4-44-12.63 

■0825793 

87 

2-  4-  8.27 

.03610^3 

39 

4-36-55-38 

x>3o466s 

88 

2-  2-43.63 

■035^13 

4-3t>- 

.078459. 

8g 

2-    l-20£9 

.0352914 

41 

4-23-24-87 

.0765491 

90 

.0348905 

4a 

4-17-  8.57 

.0747301 

?-s8-4o57 

.0345160 

43 

4-1 1-  9-76 

.0729952 

92 

'-S7-13-47 

.0341410 

4-  5-^7->7 

■071339' 

93 

1-50-  7-74 

-0337741 

45 

■o6<)756s 

94 

1-54-53-61 

•0334.49 

46 

3-54-46-95 

.0682423 

95 

1-53-41.05 

-0330633 

47 

3-49-47.23 

.0667926 

96 

1-52-30. 

-ojslityi 

48 

3-45- 

■0654031 

97 

i-Si.-iOA>- 

\     *i^-i** 

49  1   3-40-:/4-49 

.064070a 

qa 

\   i-so-vi.i 

\         B-SlOVL-i 

s°  /  j-36- 

.0637905 

99 

\  i-Aq-  =,-» 

^\      «■!.■^■\■^^^ 

S^  1  ,)-«-j?.S8 

*6.56«, 

IS 

\    .-4ft- 

\       o-^W^ 
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ICULTIPLY  DIAMETER  BY  SINE  TO  GET  LENGTH  OF  SIDE 

(Angle  i^ven  is  half  of  angle  subtended  at  center) 


No. 
Sides 


An^le 
Deg.  Mm.  Sec. 


01  1-46-55.84 

02  1-45-52.94 

03  1-44-5 1. 2  6 

04  1-43-50.76 

05  1-42-5 1. 42 

06  1-41-53.20 

07  1-40-56.07 

08  1-40- 

09  1-39-  4X)5 

10  1-3S-10.90 

11  1-37-17.83 

12  1-36-25. 7 1 

13  1-35-34.51 

14  1-34-44.2 1 

15  1-33-54.78 

16  1-33-  6.20 

17  1-32-18.46 

18  1-31-31.52 

19  1-30-45.38 

20  1-30- 

21  1-29-15.37 

22  1-28-3 1. 47 

23  1-27-48.29 

24  1-27-  5.80 

25  1-26-24 

26  1-25-42.85 

27  1-25-  2.36 

28  1-24-22.50 

29  1-23-43.25 
[30  1-23-  4.61 
[31  1-22-26.56 
[32  1-21-49.09 
[33  1-21-12.18 
[34  1-20-35.82 
[35  1-20- 
[36  1-19-24.70 
:37  1-18-49.92 
:38  1-18-15.65 
[39  1-17-41.87 
[40  1-17-  8.57 
[41  1-16-35.74 

42  1-16-  3.38 

^43  1-15-3146 

[44  1-15- 
r4S  I  1-J4-2S.Q6 

146  1-13-58,^5 
147      1-13-28,16 
)    ^4S      1-12-58.27 


Sine 


.0310998 

•0307950 
.0304961 
.0302029 
.0299154 
.0296332 
.0293564 
.0290847 
.0288179 
.0285560 
.0282488 
.0280462 
.0277981 

•0275543 
.0273147 

.0270793 

.0268479 

.0266204 

.0263968 

.0261769 

.0259606 

.0257478 

.0255386 

.0253326 

.0251300 

.0249306 

.0247344 

.0245412 

.0243509 

.0241637 

•0239793 
.0237976 

.0236188 

.0234425 

.0232689 

.0230978 

.0229292 

.0227631 

.0225994 

.0224380 

.0222789 

.0221220 

.0219673 

.0218148 

.0216644 

.0215160 

.0213697 

.0212253 

.0210829 

.0209424 


No. 
Sides 


151 
152 
153 
154 
155 
156 

157 

158 

159 
160 

161 

162 

163 

164 

165 
166 

167 

168 

169 

170 

171 

172 

173 
174 

175 
176 

177 

178 
179 
180 
181 
182 

183 
184 

185 
186 

187 
188 
189 
190 
191 
192 

193 
194 

195 
196 

197 

198 

199 

200 


An^le 
Deg.  Mm.  Sec. 


■11-31-39 

-II-  3.15 
•10-35.29 

-10-  7.79 

-  9-40.64 

•  9-13-84 

•  8-47.38 

-  8-21.26 

•  7-55-47 

-  7-30 

-  7-  4.84 

-  6-40 

-  6-15.46 

■  5-51-21 

■  5-27.27 

■  5-  3-6i 

-  4-40.23 

-  4-17-14 

-  3-54.31 

-  3-31-76 

-  3-  9-47 

-  2-47.44 

-  2-25.66 

-  2-  4.13 

-  1-42.85 

-  1-21.81 

-  I-  1. 01 

-  0-40.44 

-  0-20. II 

-59-40.11 
-59-20.43 
-59-  0.98 

-58-41.73 
-58-22.70 

-58-  3-87 
-57-45.24 
-57-26.30 

-57-  8.57 
-56-50.52 

-56-32.67 

-56-15 

-^55-57-51 
-55-40.20 

-55-23-07 


Sine 


.0208037 
.0206668 
.0205318 
.0203985 
.0202669 
.0201370 
.0200087 
.0198821 
.0197571 
.0196336 
.0195117 
.0193913 
.0192723 
.0191548 
.0190387 
.0189241 
.0188107 
.0186988 
.0185881 
.0184788 
.0183708 
.0182640 
.0181584 
.0180541 
'.0179509 
.0178489 
.0177481 
.0176484 
.0175498 
.0174524 

.0173559 
.0172605 

.0171663 

.0170730 

.0169807 

.0168894 

.0167991 

.0167097 

.0166214 

•0165339 

•0164473 

.0163617 

.0162769 

.0161930 

.0161100 

.0160278 


TABLE  OF  SIDES,   ANGLES  AND  SINES 


(.\nsl€  given  It  half  ol  . 

glcsu 

blended  u  ceale 

No. 

Angfe 

-s^ 

.^igk 

Su 

Si:|« 

Sidn 

Min.Scc 

20I 

~S3^-88""  ~ 

.0156244 

251 

43-  1-67 

.0,25,60 

53-2  7  ■9^ 

.0,55518 

252 

42-51-43 

/J.  34663 

=  03 

53-i2.>i 

-0154753 

253 

42-41.36 

.0124171 

S»-5n-47 

-0153993 

254 

42-3.. 18 

.01236S1 

30S 

Si-40.97   % 

0153242 

25s 

43-21.18 

.0123197 

706 

52-25.63 

0152498 

256 

42-1I-35 

J1I12J1S 

207 

52-1044 

0.51764 

157 

42-    140 

/I.23338 

308 

51-55-38 

o' 5 1033 

258 

41-51-63 

.012,764 

7og 

SI -4048 

0150310 

259 

41-41-93 

.0121394 

5 1-25 '7' 

260 

41-32-31 

.0.20827 

51-11.09 

m488S6 

=6, 

4.-22.76 

.012036; 

50-56.60 

0.48183 

=62 

41-13-28 

-01.9905 

213 

50-42.25 

263 

41-3.88 

.01,9449 

J14 

50-28.04 

264 

40-54.54 

.o„3997 

"5 

Sf-'i-if^ 

0146115 

265 

40-45.28 

.0118548 

316 

5°- 

266 

40-36.09 

.01,8102 

217 

49-415.17 

014^769 

3fi7 

.0,17660 

arS 

49-32.48 

.0144104 

268 

40-17.91 

J3,I722I 

49-18.91 

0143446 

269 

40-  8j>3 

J31.6786 

49-  5-46 

0142794 

270 

40- 

-0116353 

48-52-13 

0143148 

39-5' -'4 

.01,5923 

48-38^3 

0,4.508 

39-42.35 

.0115497 

123 

48-25.83 

.0140874 

273 

39-33-63 

-0.15074 

224 

48-1 3.S6 

014024s 

39-34.96 

-01,4654 

33S 

48- 

0,39622 

2?S 

39-16.36 

.01,4=37 

226 

47-47.26 

0,39004 

376 

39-  7-83 

.o.,3823 

227 

47-34  .sa 

0138392 

217 

38-59-35 

J31I3412 

228 

47-22.11 

0137785 

278 

38-50.94 

.01,3004 

229 

47-  9.69 

0,37.83 

279 

38-43,58 

.01,3599 

2JO 

46-57-39 

0.36587 

280 

38-34.28 

.01,3197 

231 

46-45-19 

0135995 

281 

3S-36.0S 

.o,,,798- 

232 

46-33.10 

0,35409 

282 

38-17.87 

.0111401 

'i3 

46-31.11 

01348=8 

283 

38-  9-7S 

.0,1,008 

=34 

46-  9-23 

0,34253 

384 

38-  ..69 

/,,  10617 

"3S 

45-57-45 

0.33681 

285 

37-53-68 

.QU03)g 

2j6 

45-45-76 

013311S 

286 

17-45.73 

.0109844 

=37 

45-34-18 

0132553 

387 

37-37.84 

J3 109461 

^38 

45-22.69 

0131996 

=88 

37-30 

.□io9o8t 

=39 

45-11. =9 

0131444 

289 

37-22.21 

.0,08704 

240 

45- 

^130896 

390 

37-14.48 

.0108329 

44-48.80 

0130353 

291 

37-  6.80 

.01079S7 

44-37-63 

0129814 

292 

36-59.18 

-0107587 

243 

44-36.67 

293 

36-51.60 

244 

44-15 -74 

Dl&no 

294 

36-44/38 

^0.06855 

245 

44-  4-90 

0,282=5 

295 

36-36.61 

.0106493 

246 

43-54-15 

0127704 

296 

36-3q.1i) 

I     nvc*.\-v^ 

247 

4i-43.48 

0127187 

sqi 

l&-i\S,i 

\      si\<iV\-\fe 

4J-J2.40 

0.26674 

laga 

\    V^'.-^^ 

\    "'"^tS 

-49 

4J-32.4r 

012616s 

h<x 

\      Sfe-  1." 

\       Ci.o'b™ 

S"  / 

43-12 

0.23661 

\^ 

.\      3b- 

\       Ji^°^ 

TABLE  OF  SIDES,  ANGLES  AND   SINES 


-Ta^;» 

vm  U  hnll  ot  flimle  .u 

Wended  al  cenler) 

Angle 

"TJ^ 

Angle 

Sne 

Sdp 

Min.  Sec. 
35-5  i-8i 

Sida 

Min.  Sec. 

301 

-OIQ4370 

351 

30-46-15 

^a^ol~ 

301 

35-45-69 

352 

30-40  J)  I 

™89J48 

303 

35-38 .6. 

x>io36Si 

353 

30-35-69 

.00S8996 

304 

3S-3'-58 

-0103340 

354 

30-30-51 

,0088744 

30s 

35-I4.S9 

.0103001 

355 

30-25-35 

,0088494 

306 

3S-'7.65 

.0,0266s 

356 

30-20.22 

/3D8824S 

307 

35-'°-7S 

-0102330 

357 

30-15.12 

0087998 

308 

35-3-90 

.0101998 

358 

30-10,05 

0087753 
D087508 

309 

34-57 .09 

.01OI66S 

359 

30-  S-°i 

310 

34-50-33 

.0101340 

360 

30- 

0087265 

3" 

34-43-6° 

361 

29-55.0, 

3" 

34-36-92 

362 

29-5°-o5 

0086783 

3>3 

34-3°-39 

.0.00368 

363 

29-45.12 

0086544 

3'4 

34-23-69 

.0100049 

3^ 

29-40.22 

,0086306 

31S 

34-i7-'4 

■0099731 

365 

29-35-34 

0086070 

316 

34-10.63 

■oog94>5 

366 

29-30.49 

008583s 

317 

34-  4.i6 

.0099102 

367 

29-25.67 

0085601 

3>8 

33-57-74 

.0098791 

358 

0085368 

319 

33-5 '-35 

.0098482 

3fi9 

29-1  6. liD 

0085137 

310 

33-45 

/J098174 

370 

29-11.35 

D084907 

Sai 

33-38-69 

.0097868 

371 

39-  6.63 

0084678 

33-3= -42 

-0097564 

372 

29-   1-94 

0084451 

3'3 

33-^6.19 

.0097261 

373 

28-57.37 

0084224 

3=4 

33-20 

.009696. 

374 

28-52.62 

0083999 

325 

33-13-85 

.0096663 

375 

28-48 

0083775 

316 

33-  7-73 

.0096367 

376 

2S-43.40 

0083553 

3»7 

33-  '-65 

J3096072 

377 

28-38.83 

0083331 

318 

33-55-61 

■0095779 

378 

.0083110 

3»9 

33-49.60 

.00954B8 

379 

2S-ig.76 

.0082891 

330 

33-43-64 

.0095198 

380 

28-25.26 

.0082673 

331 

32-37-70 

.00949" 

381 

0082456 

33= 

3>-3'-8' 

■0094625 

382 

28-16,33 

0082240 

333 

32-25-95 

■0094341 

383 

28-. 1,91 

0082025 

334 

3a-20.11 

-0094059 

384 

28-  7.50 

008181a 

335 

33-14-33 

■0093778 

385 

28-   3.12 

008.599 

336 

3"-  8.S7 

.0093499 

386 

27-58.76 

0081387 

337 

32-  2.85 

.0093221 

387 

27-54-42 

008,177 

338 

31-57-16 

-0093945 

388 

27-50.10 

0080968 

339 

31-51-50 

.009=67: 

389 

2  7-45-8' 

34° 

31-45-88 

.0092398 

390 

27-41-54 

.0080553 

34' 

31-40-39 

.0092117 

391 

27-37.29 

■0080347 

343 

31-34-74 

.0091858 

392 

27-33-06 

j)oSoi4i 

343 

3r--29-'l 

.0091590 

393 

27-28.85 

■0079938 

344 

31^3-72 

.0091324 

394 

27-24.67 

0079735 

345 

3i-i8.s6 

.009,059 

395 

27-20.5. 

0079533 

346 
-7 

31-". 83 

.0090796 

396 

27-16.36 

007933a 

JJ-  7-44 

.0090534 

3<n 

=  7-12.2  4 

^1079133 

Ji-  1.0J 

.0090274 

39a 

\^^-Va\ 

^1%q3A 

S0-S6.73 

.tjol?.1i,t. 

}''~S'.43      1 

■oo8g758 

,40a 

\       27-                  \ 

ot>-i*,=,T,^ 

TABLE  OF  SIDES,  ANGI.ES  AND  SINES 

lfUI.Tm.T  DIAMEm  BT  SDCB  TO  GKT  UEMGTH  OF  SIMS 

(Afl^  siinett  b  half  ol  ao^  subtended  at  center) 


397 


No. 
Sides 


Mia.  Sec. 


401 

26-55-96 

402 

26-51^4 

403 

26-47^4 

404 

26-43J96 

405 

26-40 

406 

26-36J06 

407 

26-32.14 

408 

26-28.23 

409 

26-24.35 

410 

26-2049 

411 

26-16.64 

412 

26-12.82 

413 

26-  9x>i 

414 

26-  5.22 

415 

26-  145 

416 

25-5770 

417 

25-53-96 

418 

25-50.24 

419 

25-46.54 

420 

25-42.86 

421 

25-39-19 

422 

25-35-54 

423 

25-31-91 

424 

25-28.30 

425 

25-24.70 

426 

25-21.12 

427 

25-17-56 

428 

25-14.02 

429 

25-1049 

430 

25-  6.98 

431 

25-  3-48 

432 

25- 

433 

24-56.54 

434 

24-53-09 

435 

24-49.66 

436 

24-46.24 

437 

24-42 .84 

438 

24-39-45 

439 

24-36.08 

440 

24-32.73 

441 

24-29.39 

442 

24-26.06 

443 

24-22.75 

444 

24-1946 

445 

24-16.18 

446 

24-12.91 

447 

24-  g.66 

448  j 

24-  6.43 

449 

24-  J.21 

450  1 

24- 

•0078343 

J0078I48 

•0077954 

/x>7776i 
•0077569 

•0077378 
.0077188 

.0076999 

/x>768ii 

.0076623 

.0076437 

/x>7625i 

JO076067 

•0075883 

•0075700 

•0075518 

•0075337 

•0075157 
.0074977 

•0074799 
.0074621 

.0074444 

.0074268 

.0074093 

.0073919 

•0073745 

•0073573 
.0073401 

.0073230 

.0073059 

.0072890 

.0072721 

-0072553 
.0072386 

.0072220 

.0072054 

.0071889 

.0071725 

.0071562 

•0071399 

•0071237 

.0071076 

.0070916 

.0070756 

-0070597 
.0070439 

.0070281 

.0070124 

.0069968 

x>o698i3 


No. 

Sides 


Ancle 
\fin.  Sec. 


451 
45a 
453 
454 

455 
456 

457 

458 

459 
460 

461 

462 

463 
464 
465 
466 

467 
468 

469 

470 

471 
472 
473 
474 
475 
476 

477 
478 

479 
480 

481 

482 

483 

484 

485 
486 

487 
488 

489 
490 

491 
492 
493 
494 

495 
496 

49?» 
500 


Sine 


23-56.81 

23-53-63 
23-5046 

23-47-31 

23-44.17 
23-41.05 

23-3794 
23-34.84 
23-31.76 
23-28.69 
23-25.64 
23-22.60 

23-1957 

23-16.55 

23-13-55 
23-10.56 

23-  7-58 
23-  4.61 

23-  1.66 

22-58.73 

22-55.79 
22-52.88 
22-49.98 
22-47.09 
22-44.21 
22-41.34 
22-38.49 

22-35-65 
22-32.82 

22-30 

22-27.20 

22-24.40 
22-21.61 
22-18.84 
22-16.08 

22-13-33 
22-10.59 

22-  7.87 

22-  5.16 

22-  2.45 

21-59-75 
21-57.07 

21-54.40 

21-51.74 

21-49.09 


.0069658 

.0069504 

.0069351 

.0069198 

.0069046 

.0068894 

.0068744 

.0068594 

.0068444 

.0068295 

.0068147 

.0067999 

.006785a 

.0067706 

.0067561 

.0067416 

.0067272 

.0067128 

.0066985 

.006684  a 

.0066700 

.0066550 
.0066418 
.0066378 
.0066138 
.0065999 
.0065861 
.0065723 
.0065585 

.0065449 
.0065313 

.0065178 

.0065043 

.0064909 

.0064775 

.0064641 

.0064509 

,0064377 

.0064245 

.0064114 

.0063983 

•0063853 

.0063723 

.0063594 

.0063466 
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LEIIGTHS  OF  CIRCnUUt  ARCS 

Tbe  table  gives  the  lengths  of  circular 

arcs  to  the  radius  of  one,  for  angles  from 

I  toiSodegtees.  Tbe  lengths  for  minutes  of 

arcs  are  pven  at  the  right. 

To  find  the  length  of  a  circular  arc  with 
radius  of  i  inch  and  angle  of  45  df^rees  20 
minutes.  Opposite  45  d^rees  find  0.7854, 
and  opposite  zo  minutes  0.0053.  Adding 
these  gives  o.7gii  inch  as  the  length  of  arc. 
,  multi)jy  the  lengths  in  the  table  by  2. 
CrecuLAH  Arcs  to  Radius  of  i 


•fl64 


.645* 


Lmgth    £^   Length   j^  I  Loigth 


IIS  . 
'/•■/■- 


-'A 


I '34 


Length  Mi 


Ltnph 


BOLT  HEAD  UPSETS 


390 


Actual  Cutting 

Spee^)  < 

OF  Planers  in  Feet  per  Minute 

Forward  Cut- 

Return Speed 

ting  Speed 

in  Feet 

per  Minute 

2  to  I 

3toi 

4to  z 

5toi 

6tox 

7  to  I 

8  to  I 

20 

133 

15. 

16 

16.66 

17.14 

17.5 

17.76 

25 

16.6 

18.75 

20 

20.83 

21.42 

21.87 

22.16 

30 

20. 

22.5 

24 

25. 

25.71 

26.25 

26.56 

35 

23.3 

26.25 

28 

29.16 

30. 

30.62 

31.04 

40 

26.6 

30. 

32 

33.33 

34.28 

35. 

35.52 

45 

30. 

33.75 

36 

37.5 

38.56 

39.37 

40. 

50 

33.3 

37.5 

40 

41.66 

42.84 

43.75 

44.48 

55 

36.6 

41.25 

44 

45.83 

47.12 

48.12 

48.9s 

60 

40. 

45. 

48 

SO. 

51.42 

52.50 

53-43 

.     65 

43.3 

48.75 

52 

54.16 

55.70 

56.87 

57.91 

70 

46.6 

52.5 

56 

58.33 

60. 

61.25 

62.3 

75 

50- 

56.25 

60 

62.5 

64.28 

66.62 

66.71 

The  table  shows  clearly  that  a  slight  increa^  in  cutting  speed  is 
better  than  high  return  si>eed.  A  25-foot  forward  speed  at  4  to  i 
return  is  much  better  than  8  to  i  return  with  20-feet  forward  speed. 

Economical  planer  speeds  are  given  below  (Cincinnati  Planer  Co.)/ 

Cast  Iron  roughing 40  to  50  ft.;    finishing 20  to  25  ft. 

Steel  casting  and  wrought  iron  roughing  30  to  35  ft.;  finishing  20  ft. 
Bronze  and  brass. ;  .50  to  60  ft.;    Machinery  steel. .  .30  to  35  ft. 

ALLOWANCES  FOR  BOLT  HEADS  AND  UPSETS 

Stock  Allowed  for  Standard  Upsets  by  Acme  Machinery  Co. 


i  in. 

Upset 

to   1 

in. 

Length  of  Upset, 

3 

in. 

Stock 

required. 

li 

In. 

5     a 
8 

« 

J 

tt 

u 

tt 

3i 

tt 

tt 

(( 

I: 

tt 

i  " 

(( 

} 

tt 

tt 

tt 

3i 

tt 

tt 

(( 

!■■ 

tt 

i  " 

u 

li 

It 

tt 

tt 

4 

tt 

tt 

(( 

2;. 

tt 

I   " 

tt 

li 

tt 

ti 

tt 

4 

tt 

tt 

(( 

2 

tt  . 

li  " 

(( 

I* 

tt 

tt 

tt 

4i 

tt 

tt 

.  tt 

2i 

tt 

li  " 

(( 

il 

tt 

tt 

tt 

4i 

tt 

tt 

It  • 

2I 

tt 

if  " 

(( 

If 

tt 

tt 

tt 

5 

tt 

tt 

tt 

2i 

tt 

li  " 

ti 

1} 

tt 

tt 

tt 

5 

tt 

tt 

tt 

2 

tt 

li  " 

ft 

1} 

tt 

tl 

tt 

5 

tt 

tt 

tt 

2i 

tt 

i|  " 

tt 

ij 

tt 

tt 

tt 

Si 

tt 

tt 

tt 

l| 

tt 

li  " 

n 

2 

tt 

tt 

tt 

Si 

tt 

tt 

tt 

If 

tt 

ij  " 

it 

2* 

tt 

tt 

tt 

6 

tt 

tt 

tt 

2 

tt 

2    " 

It 

2« 

tt 

tt 

tt 

6 

tt 

tt 

tt 
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tt 

2    " 

it 

2\ 

tt 

tt 

tt 

6 

tt 

tt 

tt 

3 

it 

2i    " 

tt 

.2f 

tt 

tt 

tt 

6i 

It 

tt 

tt 

2 

tt 

2i    " 

tt 

2i 

tt 

tt 

tt 

64 

It 

(( 

V(. 

1.S 

o3     ii 
■^4 

tt 

3i 

tt 

tt 

11 

1 

11 

ic 

^^ 

3     " 

ti 

3i 

ft 

tt 

It 

1 

V( 

iC 

*-^ 
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Sbon 

Slddk 

i>^r^ 

-s 

Rctiuircd 

Thick- 

1 

'^ 

2 

1 

i 

Sq. 

BCM- 

5q. 

Sq. 

h™ 

Sq, 

h™ 

Square 

in. 

in. 

i„. 

in. 

in. 

i... 

dn. 

io. 

i„. 

in. 

1 

( 

A 

A 

t( 

H 

^, 

i 

t) 

4! 

11 

A 

\i 

It 

i 

H 

t 

^, 

A 

41 

4f 

U 

A 

1 

A 

41 

?l 

ii 

if 

1 

14 

1 

li 

lA 

i-ft 

A 

Ii 

Ji 

4t 

it 

\\ 

« 

1! 

tl 

I.'. 

>A 

1 
1 

■1 

>A 

lit 

.11 

t1 
41 

>A 

I A 

lA 

I/. 

il 
11 

J 

■A 

■1 

n 

i 

aA 

il 

!) 

I 

lU 

11 

lA 

'1 

'1 

Ml 

III 

■1 
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'A 

41 
■  A 

.A 

='A 

v.. 

lA 

•1 
>1 

at 
III 

3lS 

3l 
.lit 

lA 

■  A 

'i 

,(i 

>1 

<1 

>H 

^1 

'H 

4'A 

3J) 

'IS 

3t 
ll 

il 

'1 

.li 

,iA 

HI 

4A 

4t 

il 

'f  /ji  ijli 

•  t 

Tl 

4lt 

s| 

a| 

4t 

't   hi      4AhAlsH 

'I 

h 

i  I^AjH   jeAJsH 

.   \.^\.^i\.   \.x\.^\v. 

STOCK  FOR  BOLT  HEADS  AND  NUTS 


401 


'MiUMl'.."'. 


,;;i,iMiMiT\ 

••'.''.'•'.r-inH 


Stock  Required  to  Make  United  States  Standard  Bolt 

Heads  and  Nuts  —  Rough 


NATIONAL  machinery  CO. 


Bolt  Heads 

Nuts 

Squarf.  or  Hexagon 

Square  or  Hexagon 

Size  Stock 

Stock  Required 

Required 

Size 
of  Bolt 

Short 
Diam- 
eter 

Thick- 
ness 

for  Upset 

• 

Short 
Diam- 
eter 

Diameter 
Hole 

Thick- 
ness 

Square  or 
Hexagon 

Square 

Hexa- 
gon 

Width 

Thick- 
ness 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

\ 

J 

iifs 

lA 

1 

A  scant 

if 

A 

H 

II 

If 

lA 

\% 

\    scant 

A 

if 

A 

\\ 

H 

i| 

If 

n 

iS  scant 

3i 

if 

A 

n 

l\ 

If 

If 

3S 

if 

A 

31 

li 

\ 

A 

.18I 

If 

i 

if  scant 

H 

\l 

A 

i\ 

n 

i4f 

If 

H 

n 

n 
IS 

1% 

i! 

lA 

H 

3 

lii 

lA 

\    fuU 

I 

3i 

li 

f 

23^S 

1*8 

If 

{    scant 

i?« 

H 

ir^. 

31 

2j 

2A 

lA 

IS  scant 

If 

n 

If 

\i 

2f 

2f 

If 

31  scant 

lA 

lA 

ii8 

1% 

3 

2JI 

iH 

«fuU 

If 

lA 

2 

I 

3i 

2S5 

3 

lAfuU 

i5 

If 

2A 

lA 

3A 

3 

2A 

lAfuU 

2A 

li 

2\ 

lA 

31^ 

3A 

2f 

i^fuU 

2i 

If 

*¥ 

2A 

lA 

4A 

3l 

2A 

zil  scant 

2A 

If 

2i 

If 

4f 

3f 

2f 

z|    scant 

2f 

If 

21% 

lit 

4f 

4 

2}f 

x{    scant 

2}f 

2 

2 

3t 

lA 

4i 

4i 

3f 

1 31  scant 

2 

3 

2f 

2J 

3i 

If 

5A 

4§f 

3f 

x3i  scant 

2f 

3f 

2f 

2\ 

3f 

liJ 

5}8 

sA 

3f 

2A 

2f 

.  ^* 

H 

2i 

4i 

2* 

6A 

5f 

i    -^^ 

\    1^*            \  A 

\  N\    \  -^. 

'  1 

^'  / 

M         7 

6A 
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QUICK  WAY  OF  ESTIMATING  LUMBER  TOR  A  PATTERN 

MtJLTiPLY  length,  breadth,  and  thickness  in  inches  together  atid 
this  by  7,  pointing  off  three  places. 

Board  8  inches  wide,  18  inches  long,  i  inch  thick.  8  X  18  X  i 
X  7  «•  1.008  square  feet.  This  is  .008  too  much,  but  near  enough< 
for  most  work.  Board  i  J  X  10  X  36  =  540  X  7  =  3.780.  The. 
correct  answer  is  3.75. 

Table  Giving  Proportionate  Weight  of  Castings  to  Weight 

OF  Wood  Patterns 


a  Pattern 

Weighing  One 

Pound  Made  of 

(T-ess  weight,  of 
Core  prints) 

Cast 
Iron 

Brass 

Copper 

Bronze 

BeU 
Metal 

Zinc 

Pine  or  Fir.  . 

Oak 

Beech 

Linden 

Pear 

Birch 

Alder 

Mahogany  .  . 
Brass 

16 

9 
9-7 

13.4 
10.2 
10.6 
12.8 
11.7 
0.85 

18.8 

lO.I 

16.9 

I5-I 

11.5 
11.9 

14-3 
13.2 

0.95 

19.7 
10.4 

11.4 

16.7 

II. 9 

12.3 

14.9 

13.7 
0.99 

19.3 
10.3 

"•3 

155 
II. 8 

12.2 

14.7 

I3.S 
0.98 

.    17 
■    10.9 

11.9 

16.3 

12.4 

12.9 

15.5 
14.2 

I.O    . 

i 

15.5 

;.     8.6 

9.1 

'    12.9 

9.8 

.    10.2 

12.2 

II. 2 

0.81 

Degrees  Obtained  by  Opening  a  Two-Foot  Rule 


Degrees 

Inches 

Degrees 

Inches 

Degrees 

Inches 

I 

.21 

15 

3.13 

55 

11.08    . 

2 

.422 

20 

4.17 

60 

12 

3 

.633 

25 

5-21 

65 

12.89 

4 

.837 

30 

6.21 

70 

13.76 

5 

1.04 

35 

7.20 

75 

14.61 

7.5 

1.57 

40 

8.21 

80 

15.43 

10 

2.09 

45 

9.20 

85 

16.21 

14.5 

3.015 

50 

10.12 

90 

16.97 

Open  a  two-foot  rule  untU  open  ervd&  axt  ^\?»\axvQ.^  ^^sc^  ^gs^ 
in  table  when  degrees  given  in  tab\e  can\>e  ^ctCc«.^.    ^^^^^^ '^^'^^^^ 
can  be  had  with  two  12-inch  steel  scales  ^Aa^'^^  \.o%^'Oaex  ^\.  ^^'e^ 
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WEIGHT  OF  FILLETS 

To  facilitate  the  calculations  of  the  weights  of  the  dififerent  parts 
of  a  machine  from  the  drawings,  the  accompanying  table  of  areas  or 
volumes  of  fillets  having  radii  from  -^  to  3  inches  can  be  used.  It 
has  been  calculated  for  fillets  connecting  sides  that  are  at  right  angles 
to  each  other. 


Table  of  Areas  or  Volumes  of  Fillets 


Radius  of 

Area  or  Volume 

Radius  of              Area 

or  Volume 

FUlet 

of  nilet  in  Sq. 

Fillet                   of  F 

illet  in  Sq. 

in  Inches 

or  Cubic  Inches 

in  Inches              or  Ct 

ibic  Inches 

A 

.0008 

'^ 

.5240 

i 

.0033 

li 

5667 

A 

.0075 

iH 

6119 

i 

.0134 

i} 

6572 

^ 

.0209 

!« 

.7050 

i 

.0302 

I 

7543 

A 

.0410 

iM 

8056 

i 

•0537 

2 

8584 

A 

.0678 

2A 

9129 

.0838 

2i 

9690 

i 

.1013 

^A 

0269 

■ 

.1207 

2i                               I 

0864 

i 

.1417 

^S                            I 

-1475 

i 

.1643 

2}                               I 

2105 

■i 

.1886 

2A 

.2749 

I 

.2146 

2i                                I 

3413 

lA 

.2423 

2A 

.4086 

I* 

.2716 

24 

.4787 

lA 

.3026 

4i 

•5500 

li 

.3353 

2*                              I 

.6229 

'P 

.3697 

2H 

.6869 

'K 

•4057 

2}                                 I 

•7739 

lA 

.4434 

2h 

.8518 

li 

.4829 

3                        I 

•9314 

To  find  the  volume  of  a  fillet  by  this  table  when  the  radius  and 
length  are  given,  multiply  the  value  in  the  table  opposite  the  given 
radius  by  the  length  of  the  fillet  in  inches,  and  this  result  multiplied 
by  the  weight  of  a  cubic  inch  of  the  material  will  give  the  weight  of 
the  fillet. 
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LAYING  OUT  A  SQUARE  CORNER 

It  sometimes  happens  that  we  wish  to  lay  out  a  perfectly  square 
corner  and  have  no  square  of  any  kind  handy.  Here  is  a  way  that 
requires  nothing  but  a  scale  or  rule,  or  even  a  straight  stick  with- 
out any  graduations  whatever  will  do.  Using  this  stick,  draw  a 
line  as  i4  C  (Fig.  i)  and  at  one  end  of  this  draw  the  line  B  D  a.t 
any  angle.    This  line  must  be  straight,  twice  as  long  as  i4  C  and 


of  equal  length  each  side  of  the  point  C.    Then  if  you  join  points 
D  A  Bf  you  have  an  exact  right-angle  or  square  corner. 

Fig.  2  is  simply  another  example  of  this,  in  which  the  line  A  C 
has  been  drawn  at  a  very  different  angle  to  show  that  it  works  in 
any  position.  Joining  the  ends  D  A  B  sls  before  also  gives  an  exact 
right  angle. 

ANOTHER  METHOD 

Another  method  is  by  what  is  known  as  the  6,  8  and  10  rule  This 
means  that  if  a  triangle  has  sides  in  the  ratio  of  6,  8  and  10,  the  angle 
is  90  degrees.  Lay  down  a  line  6  units  long,  either  inches,  feet  or 
yards.  Lay  off  another  line  8  imits  long  as  nearly  right  angles  as 
possible.  Measure  across  the  ends  of  the  two  lines  and  adjust  until 
this  distance  is  10  units,  which  makes  it  a  right  angle.  These  dis- 
tances may  be  3,  4  and  5;  12,  16  and  20  or  any  combination  in  this 
ratio.    It  is  largely  used  in  laying  out  large  corners. 

SPEED  FOR  WOOD  TURNING 

A  good  average  speed  for  a  wood  turning  lathe  is  a  surface  or 
cutting  speed  of  from  1,000  to  1,500  ft.  per  minute.  Where  work 
does  not  exceed  i-in.  diameter  the  lathe  may  be  run  3,000  r.p.m.; 
for  2-in.  stock  2,500;  for  3-in.,  2,000,  or  a  little  less,  and  for  larger 
stock,  the  speed  is  reduced  in  proportion. 

COOLING  HOT  BEARINGS 

A  hot  box  can  be  cooled  by  pouring  sulphur  on  the  bearing.    It 
melts  at  220  degrees  and  puts  a  smooth  surface  on  both  journals 
and  bearings.    It  fills  oil  groove  but  can  be  dissolved  with.  bexviM*. 
if  machine  cannot  be  stopped.    E\t\xei  ?X\ck  o\  ^q^^k.  ^\  's^c'^cc^ 
will  do.    Graphite  is  also  good  but  caivTvoV\i^Ais*A^\iet^'^^^'^^'' 
is  objectionable  as  in  flour  mills  01  oX^^i  v^\i\\.^  ^\.oOk^» 
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'     TWIST  DRILL  AND  STEEL  WIRE  GAGE  SIZES 

The  Twist  Drill  and  Steel  Wire  Gage  is  used  for  measuring  the 
sizes  of  twist  drills  and  steel  drill  rods.  Rod  sizes  by  this  gage  should 
not  be  confused  with  Stubs*  Steel  Wire  Gage  sizes.  The  difference 
between  the  sizes  of  corresponding  numbers  in  the  two  gages  ranges 
from  about  .0005  to  .004  inch,  the  Stubs  sizes  being  the  smaller  except 
in  the  cases  of  a  few  numbers  where  the  systems  coincide  exactly. 

Twist  Drill  and  Steel  Wire  Gage  Sizes 


No. 

Dia. 

No. 

Dia. 

No. 

Dia. 

No. 

Dia. 

of 

in 

of 

in 

of 

in 

of 

in 

Gage 

Inches 

Gage 

Inches 

Gage 

Inches 

Gage 

Inches 

I 

.2280 

21 

.1590 

41 

.0960 

^' 

.0390 

2 

.22.10 

22 

•1570 

42 

•0935 

62 

.0380 

3 

.2130 

23 

.1540 

43 

.0890 

63 

.0370 

4 

.2090 

24 

.1520 

44 

.0860 

64 

.0360 

5 

.2055 

25 

•1495 

45 

.0820 

65 

.0350 

6 

.2040 

26 

.1470 

46 

.0810 

66 

.0330 

7 

.2010 

27 

.1440 

47 

•0785 

67 

.0320 

8 

.1990 

28 

.1405 

48 

.0760 

68 

.0310 

9 

.i960 

29 

.1360 

49 

.0730 

69 

.02925 

10 

.1935 

30 

.1285 

50 

.0700 

70 

.0280 

II 

.1910 

31 

.1200 

51 

.0670 

71 

.0260 

12 

.1890 

32 

.1160 

52 

.0635 

72 

.0250 

•  13 

.1850 

33 

.1130 

53 

•0595 

73 

.0240 

14 

.1820 

34 

.1110 

54 

•0550 

74 

.0225 

15. 

.1800 

35 

.1100 

55 

.0520 

75 

.0210 

16 

.1770 

36 

.1065 

56 

.0465 

76 

.0200 

17 

.1730 

37 

.1040 

57 

.0430 

77 

.0180 

18 

.1695 

38 

.1015 

58 

.0420 

78 

.0160 

19 

.1660 

39 

.0995 

59 

.0410 

79 

.0145 

20 

.1610 

40 

.0980 

60 

.0400 

80 

.0135 

STUBS'  GAGES 

In  using  Stubs'  Gages,  the  difference  between  the  Stubs  Iron  Wire 

Gage  and  the  Stubs  Steel  Wire  Gage  should  be  kept  in  mind.    The 

Stubs  Iron  Wire  Gage  is  the  one  commonly  known  as  the  English 

Standard  Wire,  or  Birmingham  Gage,  and  designates  the  Stubs  soft 

fir/re  sizes.     The  Stubs  Steel  Wire  Gage  is  used  m  Tcvea.'SAivm^  At^nnxv 

stee/  wire  or  drill  rods  of  Stubs*  make  and  is  a\so  used  >q^  xcvmv^ 

^nierjcan  makers  of  drill  rods.  ^ 

406 
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DIMENSIONS  IN  DECIMAL  PARTS  OF  AN  INCH 


Number 

American 
or 

Birm- 
ingham 

Wash- 
bum  & 
Moen 
Mfg.  Co. 

Trenton 

Stubs' 

Impe- 
rial 
Wire 
Gage 

U.S. 

of 

Brown 

orStubs' 

Iron 

Steel 

Standard 

Gage 

& 
Sharpe 

Iron 
Wire 

Co. 

Wire 

for  Plate 

000000 

.464 
.432 
.400 

.46875     . 

.4375 
.40625 

00000 

•450 
.400 

0000 

.46 

.454 

.3938 

000 

.40964 

.425 

.3625 

.360 

.372 

.375 

00 

.3648 

.380 

.3310 

.330 

.348 

.34375 

0 

.32486 

.340 

.3065 

.305 

.324 

.3125 

I 

.2893 

.300 

.2830 

.285 

.227 

.300 

.28125 

2 

.25763 

.284 

.2625 

.265 

.219 

.276 

.265625 

3 

.22942 

.259 

.2437 

.245 

.212 

.252 

.25 

4 

.20431 

.238 

.2253 

.225 

.207 

.232 

.234375 

5 

.18194 

.220 

.2070 

.205 

.204 

.212 

.21875 

6 

.16202 

.203 

.1920 

.190 

.201 

.192 

.203125 

.   7 

.14428 

.180 

.1770 

.175 

.199 

.176 

.1875 

8 

.12849 

.165 

.1620 

.160 

.197 

.160 

.171875 

9 

.11443 

.148 

.1483 

.145 

.194 

.144 

.15625 

10 

.10189 

.134 

.1350 

.130 

.191 

.128 

.140625 

II 

.090742 

.120 

.1205 

.1175 

.188 

.116 

.125 

12 

.080808 

.109 

.1055 

.105 

.185 

.104 

.109375 

13 

.071961 

.095 

.0915 

.0925 

.182 

.092 

.09375 

14 

.064084 

.083 

.0800 

.080 

.180 

.080 

.078125 

15 

.057068 

.072 

.0720 

.070 

.178 

.072 

.0703125 

16 

.05082 

.065 

.0625 

.061 

.175 

.064 

.0625 

17 

.045257 

.058 

.0540 

.0525 

.172 

.056 

.05625 

18 

.040303 

.049 

.0475 

.045 

.168 

.048 

.05 

19 

.03589 

.042 

.0410 

.040 

.164 

.040 

.04375 

20 

.031961 

.035 

.0348 

.035 

.161 

.036 

.0375 

21 

.028462 

.032 

.03175 

.031 

.157 

.032 

.034375 

22 

.025347 

.028 

.0286 

.028 

.155 

.028 

.03125 

23 

.022571 

.025 

.0258 

.025 

.153 

.024 

.028125. 

24 

.0201 

.022 

.0230 

.0225 

.151 

.022 

.025 

25 

.0179 

.020 

.0204 

.020 

.148 

.020 

.021875 

26 

.01594 

.018 

.0181 

.018 

.146 

.018 

.01875 

27 

.014195 

.016 

.0173 

.017 

.143 

.0164 

.0171875 

28 

.012641 

.014 

.0162 

.016 

.139 

.0149 

.015625 

29 

.011257 

.013 

.0150 

.015 

.134 

.0136 

.0140625 

30 

.010025 

.012 

.0140 

.014 

.127 

.0124 

.0125 

31 

.008928 

.010 

.0132 

.013 

.120 

.0116 

.0109375 

32 

.00795 

.009 

.0128 

.012 

.115 

.0108 

.01015625 

33 

.00708 

.008 

.0118 

.Oil 

.112 

.0100 

.009375 

34 

.006304 

.007 

.0104 

.010 

.110 

.0092 

.00859375 

35 

.005614 

.005 

•0095 

.0095 

.108 

.0084 

.0078125 

36 

.005 

.004 

.0090 

.009 

.106 

.0076 

.00703125 

37 

.004453 

.0085 

.103 

.0068 

.oo66ap6i«^ 

3& 

39 
40      1 

.003965 
'O03531 
.003144    / 

1  .00& 

y  .101. 

V  .Ciofco 

\  .QCfol^ 

\  .007  s 

\   .099 

\  .oov 

\\ 

\  .007 

\    .09^ 

1  \  .o^J 

^\ 

4o8  WIRE  GAGES  AND  STOCK  WEIGHTS 

WiHE  AND  Dwix  Sizes  Abrakged  Consecutively 


9m 

1 

1 

Is 

1 

1 

Is 

ll 

Dii..ot 

go 

1^ 

5.£ 
5* 

ll 

Wir."' 

ll 

f^ 

« 

h 

Gag^  Kumbc 

Ciige  Number 

sa 

SO 

w 

S8 

"4" 

33 

3fi 

Ss 

S6 

5J 

■0*S3 

36 

^463 

sO 

Z^ 

doS 

■OOB 

JS 

s 

'^ 

■' 

53 

53 

■06,55 

iia6 

JO 

■oas 

^66 

»s 

.067 

,06, 

^{j' 

78 

J70 

,, 

,j 

4U 

SO 

j6 

-otS 

JJ76 

.0785 

foil 

"< 

j^ 

:d8oS 
.081 

-IS 

46 

.08, 

^jj6 

.0S3 

^85 

.Z&6 

.088 

Alb 

-0TO7 

^aj 

JD 

*>8 

J>»8s 

" 

6« 

s 

'•< 

41 

6« 

iopS 

.OHO 

j>3i 

67 

Oj 

jS 

■035 

ao 

64 

65 

.TOIS 

38 

" 

63 

64 
63 

sr 

37 

37 

J=J*      / 

/           /    >'• 

6a 

'fi 

J     /S 

6. 

S'\   \  \A* 

WIRE  AND  DRILL  SIZES 
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WiKE  AND  Drill  Sizes  Arranged  Consecutively 


Dia.  of 
Wire 

American  or 
B.&S. 

B'bam  or  Stubs' 
Wire 

Stubs'    Sted 
Wire 

Twist  Drill  and 
Steel  Wire 

Dia.  of 
Wire 

American  or 
B.&S. 

B'ham  or  Stubs' 
Wire 

Stubs'    Steel 
Wire 

Twist  Drilland 
StedWire 

Gage  Number 

Gage  Number 

.109 

12 

.203 

6 

.IIP 

34 

35 

.204 

5 

6 

.III 

34 

.2043 

4 

.1X2 

33 

•205s 

5 

.1X3 

3Z 

.207 

4 

.1144 

9 

.209 

4 

."5 

32 

.212 

3 

.X16 

32 

.213 

3 

.120 

IX 

31 

31 

.219 

2 

.X27 

30 

.220 

'5 

.1285 

8 

30 

.221 

2 

.134 

10 

29 

.227 

I 

.136 

29 

.228 

I 

.139 

28 

.2294 

3 

.1405 

28 

.234 

A 

.143 

27 

.238 

4 

B 

.144 

27 

.242 

C 

.1443 

7 

.246 

D 

146 

26 

.250 

E 

.147 

26 

.257 

F 

.148 

9 

25 

.2576 

2 

.1495 

25 

.259 

3 

■151 

24 

.261 

G 

.152 

24 

.266 

H 

■153 

23 

.272 

I 

.154 

23 

.277 

J 

.155 

22 

.281 

K 

.157 

21 

•22 

.284 

2 

.159 

21 

.2893 

I 

.161 

20 

20 

.290 

L 

.162 

6 

.295 

M 

.164 

19 

.300 

I 

.165 

8 

.302 

N 

.166 

19 

.316 

0 

.168 

18 

.323 

P 

.1695 

18 

.3249 

0 

.172 

17 

.332 

Q 

.173 

17 

•339 

R 

.175 

16 

•340 

0 

.177 

16 

•348 

S 

.178 

IS 

•358 

T 

180 

7 

14 

IS 

.3648 

00 

1819 

5 

.368 

U 

182 

13 

14 

.377 

V 

185 

12 

13 

.380 

00 

188 

II 

.386 

w 

189 

12 

•397 

X 

191 

10 

II 

.404 

Y 

1935 

10 

.4096 

000 

L 

194 

9 

,        -A^X 

^ 

\     X'^ 

\ 

196                        \ 

9 

\\        *^*^ 

\ 

\    C*i<i  \ 

\ 

.Vp7             /             1 

8 

\\         .ASA 

\ 

\  tyaociX 

\ 

■T99             / 

7 

* 

\\         -A^ 

\  OQ 

Qo\            \ 

\ 

/              1 

6 

1       ^ 

W 

\ 

\ 

\ 

WIRE  GAGES  AND  STOCK  WEIGHTS 


STUBS'  STEEL  WIRE  SIZES  AHD  WEIGHTS 

As  stated  in  Ihe  Fxplanatoiy  note  regarding  Stubs'  Gages  at  the 
bottom  of  page  406  tlie  Stubs  steel  wire  gage  b  used  for  measuring 
drawn  steel  wire  and  drill  rods  o!  Stubs'  make  and  is  also  used  by 
various  drill  rod  makers  in  America. 

Stubs' Steel  Wire  Sizes,  AND  Weioht  IN  Pounds  PER  Linear  Foot 


Ullcr 

Di..       H 

dgbi 

No  of 

DiB.       Vi 

am 

No,  of 

Di«. 

Weight 

and  Nc- 

InSts 

^ 

Gag. 

iiKh« 

c 

Gage 

InSes 

^ 

z 

■413 

456 

ro 

.igr 

098 

46 

.079 

.aiy 

Y 

.404 

437 

.188 

095 

47 

.077 

.016 

X 

■397 

423 

.185 

092 

48 

■075 

.CIS 

W 

.386 

399 

13 

.181 

089 

49 

.ot4 

V 

■377 

380 

.180 

087 

50 

:S^ 

.013 

u 

.368 

363 

IS 

.178 

=«S 

5' 

.066 

T 

■353 

335 

16 

-175 

52 

.063 

s 

.34S 

3=4 

■7 

079 

53 

.058 

.Q09 

R 

■339 

307 

18 

!l68 

07s 

54 

.055 

.008 

Q 

■332 

=95 

19 

.164 

072 

55 

.050 

.007 

P 

•333 

280 

.r6t 

069 

S<i 

■045 

.006 

0 

.316 

267 

■157 

066 

57 

.042 

.0047 

N 

.302 

■iSS 

064 

58 

.0O4S 

M 

■^95 

233 

=3 

■>S3 

063 

59 

L 

.ago 

23S 

24 

■  IS" 

o6r 

■''39 

K 

.iSi 

as 

.14S 

059 

6t 

■°38 

.0039 

{ 

.377 

205 

26 

..46 

057 

62 

■037 

■"37 

.272 

192 

27 

.143 

°ss 

63 

.036 

■0035 

H 

.266 

iSg 

xG 

■>39 

052 

64 

■°3S 

■0033 

G 

.261 

182 

19 

-■34 

048 

65 

■033 

.0029 

F 

■257 

177 

3° 

.137 

043 

66 

.031 

.0027 

E 

.250 

167 

31 

.130 

039 

67 

.ooa6 

D 

.,46 

163 

3a 

■"5 

035 

.0034 

C 

.243 

159 

33 

03-! 

69 

.029 

B 

.=38 

152 

34 

033 

70 

.027 

A 

.=34 

.46 

3S 

.log 

031 

.026 

.0018 

.337 

138 

36 

.106 

03° 

.024 

-oois 

.219 

128 

37 

.103 

028 

73 

.023 

.0014 

3 

38 

.™i3 

4 

.207 

"S 

39 

.099 

036 

7S 

S 

.204 

.097 

0=5 

76 

,018 

6 

108 

41 

.095 

.016 

■°°°7 

7 

.'99 

106 

43 

.093 

033 

78 

.015 

*     / 

■'0? 

104 

43 

.088 

79 

.014 

.0005 

^     / 

'94  /   . 

44 

.085 

o.g 

,    ^    \ 

.oil 

.0004 

_£ 

J_ 

_l 

45 

.081 

.018 

w 

\      \ 
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Music  Wire  Subs 


No.  at 

N0.0I 

WiuA- 

buni& 

;•£■ 

No.  of 
Gtge 

Wuh- 

Hcnhll 

8-0 

obSj 

6 

.016 

0414 

T-o 

0087 

7 

.013 

0434 

HS 

6^ 

009s 

8 

.0243 

.OAb 

H7 

S-o 

<> 

.O30 

-04B.I 

o^a 

4^ 

-OS' 

OSS 

3-0 

307 

■OSS 

3S<J. 

ooK 

.oig6 

0144 

000 

13 

-03'4 

.03' 

06S 

SS 

14 

.0316 

■033 

37 

.0658 

070 

'5 

-0345 

■"JS 

.071 

07a 

.0178 

16 

■037 

19 

077 

01, 1 

-0377 

-039 

30 

.080 

'"?' 

.014 

■0395 

.041 



(Adopted  by  U. 

S.  Govemmen 

July  I 

«893) 

~s>- 

TlY- 

Weigbtpf 

i<Sg.Foor 

17 

n,fc. 

Weight  pnSfl 

Foot 

Gage 

Slecl           Iron 

0000000 

■5 

10.320 

3OO0 

,05625 

2,286        2 

'S 

.46875 

19.050 

18.75 

18 

■05 

2,03  a        3 

.4o'i3S 

16.510 

16,2s 

.o,17S 

1.534        1 

5° 

■375 

75.240 

1500 

,03437 

1-397        " 

37,5 

■3437S 

13.970 

■.i,7S 

.03.25 

..270        I 

»S 

■3"  IS 

12-700 

12.50 

21 

1,143        I 

I  as 

.02.87 

iTi 

3 

10.160 

2(. 

.O.S7S 

.763 

75 

.0.718 

.698 

W7 

.21875 

8,890 

IX 

.o,56a 

.63s 

ba, 

6 

.=o3ia 

S-aSS 

8.125 

39 

,OT4o6 

-57' 

S6a 

..87s 

.508 

.171B7 

6.98s 

6.875 

11 

.01093 

■♦40 

437 

6-350 

6.25 

5-6aS 

.38. 

5.080 

14 

,00859 

343 

.00781 

13 

■09375 

3-7.i 

i6 

.00703 

.0781a 

17 

,00664 

.371 

.07031 

a.857 

16 

.0625 

^311^ 

2.50 

V                N 

412 


WIRE  GAGES  AND  STOCK  WEIGHTS 


Weights  of  Steel,  Wrought  Iron,  Brass  and  Copper  Plates 
american  or  brown  &  sharpe  gage 


No. 

of 

Gage 

Thidcness 

• 
1*% 

Weight  in  Lbs.  per  Square  Foot 

in 
Inches 

Steel 

Iron 

Brass 

Copper 

oooo 

.46 

18.77 

18.40 

19.688 

20.838 

cxx> 

.4096 

16.71 

16.38 

17.533 

18.557 

oo 

.3648 

14.88 

14.59 

15-613 

16.525 

o 

.3249 

13.26 

13.00 

13.904 

14.716 

I 

.2893 

11.80 

".57 

12.382 

13.105 

3 

.2576 

10.51 

10.30 

11.027 

11.670 

3 

.2294 

9.39 

9.18 

9.819 

10.392 

4 

.2043 

8.34 

8.17 

8.745 

9255 

5 

.1819 

7.42 

7.28 

7.788 

8.242 

6 

.1620 

6.61 

6.48 

6.935 

7.340 

7 

.1443 

5.89 

5.77 

6.175 

6.536 

8 

.1285 

5.24 

5.14 

5-499 

5.821 

9 

.1144 

4.67 

4.58 

4.898 

5.183 

lO 

.1019 

4.16 

4.08 

4.361 

4.616 

II 

.0908 

3.70 

3-^3 

3.884 

4.110 

12 

.0808 

3-30 

3.23 

3-458 

3.660 

13 

.0720 

2.94 

2.88 

3.080 

3.260 

14 

.0641 

2.62 

2.56 

2.743 

2.903 

15 

.0571 

2.33 

2.28 

2.442 

2.585 

i6 

.0508 

2.07 

2.03 

2.175 

2.302 

17 

•0453 

1.85 

1.81 

1.937 

2.050 

i8 

.0403 

1.64 

1. 61 

1.725 

1.825 

19 

•0359 

1.46 

1.44 

1.536 

1.626 

20 

.0320 

I-3I 

1.28 

1.367 

1.448 

21 

.0285 

1. 16 

1. 14 

1. 218 

1.289 

22 

.0253 

1.03 

1. 01 

1.085 

1.148 

23 

.0226 

.922 

.904 

.966 

1.023 

24 

.0201 

.820 

.804 

.860 

.910 

25 

.0179 

.730 

.716 

.766 

.811 

26 

•0159 

.649 

.636 

.682 

.722 

27 

.0142 

.579 

.568 

.608 

.643 

28 

.0126 

.514 

.504 

.541 

.573 

29 

.0113 

.461 

.452 

.482 

.510 

30 

.0100 

.408 

.400 

.429 

.454 

31 

.0089 

'3^3 

•356 

.382 

.404 

32 

.0080 

.326 

.320 

.340 

.360 

33 

.0071 

.290 

.284 

.303 

.321 

34 

.0063 

.257 

.252 

.269 

.286 

35 

.0056 

.228 

.224 

.240 

.254 

36 

.0050 

.190 

.188 

.214 

.226 

J/       ; 

,oo4S 

.169 

.167 

.191 

.202 

J^       / 

.0040 

.151 

i        .149 

\       .^Q 

I         .180 

JP       / 

'O035 

.134 

1         -132 

\        .^^^ 

\            AtiO 

40        / 

.0031 

.119 

I         .11& 

\        .^^^ 

\       A^1 

WEIGHTS  OF  SHEl^T  ^4El'rAL 
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U0HT9  or  Stkxl,  Wrought  Iron,  Brass  and  Copper  Plates 

BIRMINGHAM  OR  STUBS'  GAGE 


No. 

of 

Gafe 


0000 

000 

00 

o 

z 
a 

3 

4 

5 
6 

7 
8 

9 
10 

iz 

za 

13 
14 

15 
z6 

17 
z8 

19 

20 

2Z 
22 

a3 
34 

25 
26 

a7 
28 

29 
30 
31 
32 

33 
34 
35 
36 


Thickness 

in 

Inches 


.454 
.425 
.380 
.340 

.300 
.284 

.259 

.238 
.220 

.203 

.180 

.165 

.148 

.134 
.120 
.109 

.095 
.083 

.072 

.065 

.058 

.049 

.042 

.035 
.032 

.028 

.025 

.022 

.020 

.018 

.016 

.014 

.013 

.012 

.010 

.009 

.008 

.007 

.005 

.004 


Weight  in  Lbs.  per  Square  Foot 


Steel 


/ 


18.52 

17-34 
15-30 

13-87 
12.24 

"59 

10.57 
9.71 

8.98 

8.28 

7-34 

6.73 
6.04 

5-47 
4.90 

4-45 
3.88 
3-39 
2.94 

2.65 

2.37 
2.00 

1.71 

1.43 
I-3I 
1. 14 
1.02 
.898 
.816 

.734 

.653 

.571 

•530 
.490 

.408 

•367 
.326 

.286 

.204 

.163 


Iron 


18.16 
17.00 
15.20 
13-60 
12.00 
11.36 
10.36 

9.52 
8.80 

8.12 
7.20 
6.60 
5-92 
5.36 
4.80 

4.36 
3.80 

3-32 
2.88 
2.60 
2.32 
1.96 
1.68 
1.40 
1.28 
1. 12 

I.OO 

.88 
.80 
.72 
.64 
.56 
.52 
.48 
.40 

.36 
•32 
.28 
.20 
.16 


Brass 


19.431 
18.190 

16.264 

14552 
1 2.840 

12.155 
11.085 

10.186 
9.416 
8.689 
7.704 
7.062 

6.334 
5.735 

5.137 
4.667 

4.066 

3.552 
3.081 
2.782 
2.482 
2.097 

1.797 
1.498 
1.369 
1. 198 
1.070 

.941 
.856 
.770 
.685 

.599 
.556 

.514 

.428 

.385 

.342 

.2996 

.214 

.171 


G>IH)er 


20.556 

19-253 
17.214 

15.402 

13.590 
12.865 

11.733 
10.781 

9.966 

9.196 

8.154 
7.475 
6.704 
6.070 

5.436 

4.938 

4.303 

3.769 
3.262 

2.945 
2.627 

2.220 

1.902 

1.585 
1.450 
1.270 

1. 132 

.997 
.906 

.815 
.725 

.634 
.589 
.544 

.453 
.408 

.362 

.317 
.227 

.181 


WIRE  gages:  AND  STOCK  WEIGHTS 
Wekjhts  o»  Stebl,  Iron,  Brass  and  Copper  Wire 


^RICAN 

Oa  BROWtJ 

fc  SKAHre   GAGE 

Nd. 

Dia. 

Wt^U^H 

tinIjis.m 

l«OLlNEA] 

Feet 

of 
Goge 

Siaji 

Icon 

"c'rasT^ 

Cup^r 

oooo 

4600 

566.03 

S6°-7-I 

605.18 

640-51 

4096 

448-88 

444-68 

479-91 

507.95 

oo 

3648 

35S<H) 

3S2.66 

380.67 

402.83 

3147 

28=.3° 

379.67 

30..82 

319-45 

189J 

"3.89 

321.79 

339-35 

253-34 

>S76 

'77-55 

'7S-8q 

189-82 

300.91 

ia94 

140.80 

139.48 

■50-52 

159-33 

"043 

in.fifi 

11D.62 

■  19.38 

1^6-35 

5 

1819 

88.548 

87.730 

94.666 

6 

16W 

70.221 

69.565 

7S-°75 

79.463 

7 

'447 

SS-6SS 

55- 1 6s 

59-545 

63.0.3 

8 

1285 

44.164 

43-75' 

47.219 

49-976 

9 

"44 

35036 

34-699 

37-437 

39.636 

1019 

il-11' 

2;,si2 

29.687 

31-436 

0907 

3J.OJ6 

21.820 

33.549 

24.924 

0808 

.7.468 

17-304 

18.676 

19.766 

'3 

0720 

I3-8S' 

13.722 

14-809 

15.674 

14 

0641 

10.989 

J  1.746 

12.435 

15 

0571 

8.712 

8^63. 

9.315 

9-859 

iG 

osis 

6,909 

6.84s 

7.58? 

7.819 

17 

04S3 

5-478 

5-437 

5-857 

6.199 

iS 

0403 

4-344 

4-304 

4-645 

4.9.6 

«9 

0359 

3.445 

3-413 

3.684 

3-899 

0330 

a-?34 

2.708 

2.920 

3-094 

0385 

2.167 

2.147 

2-317 

2.453 

0253 

1.719 

i-7°3 

t.838 

1-945 

93 

"-363 

1-35° 

1-457 

t.S43 

1.081 

1.071 

1. 15s 

1.323 

as 

0179  - 

-8S7I 

.8491 

.9163 

.9699 

36 

0159 

.6797 

■6734 

.7267 

.7692 

=7 

0141 

■5391 

■S34'> 

■5763 

.6099 

38 

01  a6 

■4275 

-4335 

■4570 

.4837 

ag 

01 13 

.3358 

■3624 

.3835 

3° 

.2663 

.2874 

.3043 

31 

0089 

.^ti^ 

.2113 

.2280 

.3413 

3' 

ooSo 

.1691 

.1675 

.1913 

33 

0071 

.1341 

..328 

.1434 

.1517 

34 

0063 

.1063 

■I  053 

.1137 

.1304 

35 

0056 

.0844 

.0836 

.ogoi 

.ogse 

36 

oaso 

.0668 

.0662 

.0715 

.0757 

J7        J 

0045 

■"53° 

■0535 

.0567 

.0600 

JS       /       . 

□040 

.0420 

,04-6 

.0449 

.047S 

S9       /      -c 

'°35 

■°333 

-0350 

\        .oiSfi 

\        .07.1S 

^^o^^ 

^ 

.0364 

.oa6i 

\    ■■>* 

\           .Q*« 

•  .    I 

r .  I   ■  ■ 


WEIGHTS  OF  WIRE 
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Wkborts  of  Iron,  Brass,  and  Copper  Wire 
birmingham  or  stubs*  gage 


No. 

of 

Gftfe 

Dia. 

in 

Inches 

Weight  in 

Lbs.  j*£r  iooo  Linear  Feet 

Iron 

Brass 

Copper 

oooo 

.454 

546.21 

589.29 

623.2 

ooo 

■       .425 

478.65 

516.41 

546.1 

■  oo 

.380 

382.66 

412.84 

436.6 

-     O        1 

.340 

306.34 

330.50 

349.5 

z 

.300 

238.50 

257.31 

272.1 

2 

.284 

213.74 

230.60 

243.9 

3 

.259 

177-77 

191.79 

202.8 

4 

.238 

150.11 

161.95 

171.3 

5 

.220 

128.26 

138.37 

146.3 

6      , 

.203 

109.20 

117.82 

124.6 

7 

.180 

85.86 

92.63 

97.96 

8 

.165 

72.14 

77.83 

82.31 

9 

.148 

58.05 

62.62 

66.23 

lO 

.134 

47.58 

51.34 

54.29 

ZI 

.120 

38.16 

41.17 

4354 

la- 

.109 

3149 

33.97 

35.92 

13 

.095 

23.92 

25.80 

27.29 

14 

.083 

18.26 

19.70 

20.83 

15 

.072 

13.73 

14.82 

15.67 

i6 

.065 

II. 19 

12.08 

12.77 

-    17 

.058 

8.92 

9.62 

10.17 

i8 

.049 

6.36 

6.86 

7.259 

19 

.042 

4.67 

5.04 

5.333 

•  20 

.035 

3.25 

3.52 

3.704 

21 

.032 

2.71 

2.93 

3.096 

99 

.028 

2.08 

2.24 

2.370 

a3 

.025 

1.66 

1.79 

1.890 

a4 

.022 

1.28 

1.39 

1.463 

as 

.020 

1.06 

1. 14 

1.209 

96 

.018 

.863 

.926 

.979 

a; 

.016 

.680 

.732 

.774 

98 

.014 

.529 

.560 

.592 

99 

.013 

.438 

.483 

.511 

30 

.012 

.382 

.412 

.435 

31 

.010 

.266 

.286 

.302 

3a 

.009 

.212 

.232 

.244 

33 

.008 

.167 

.183 

.193 

34 

.007 

.133 

.140 

.148 

35 

.005 

.066 

.071 

.075 

36 

• 

.004 

.046 

.048 

.052 

/ 

\ 

\     . 

WIRE  GAGES   AND  STOCK  WEIGHTS 


Weiobts  or  Steel  u 

ro  Ibom  Bars  per 

Linear  Foot 

Di»    «   Dia- 

Steki. 

I.0N 

luce  Ansa 

. wdgh 

ptrFool 

Wei,h,p 

^FSiT^ 

Fluta 

-S^ar. 

Round 

Souare 

A 

.OlO 

.013 

.013 

.011 

.010 

.01  i 

? 

■"53- 

.046 

.044 

-052 

ft 

.094 

.119 

.103 

.099 

.117 

.167 

-.8S 

.177 

.164 

.i6f 

■iii 

-377 

-356 

'.'i^ 

^ 

■37S 

.478 

.414 

.398 

.368 

.469 

■S>i 

.65. 

■564 

.542 

-SOI 

.63a 

.66; 

-850 

■737 

.708 

-654 

-83.1 

.84S 

1.076 

■93^ 

.896 

.838 

1.055 

1 

1  -04,1 

1,328 

1.15' 

1.107 

1.033 

1.303 

H 

..16. 

1.608 

J-393 

1-33' 

'.^37 

1-576 

1 

1.502 

1.913 

1.658 

1.584 

■■473 

1-875 

H 

.-763 

i-24S 

1.944 

1.860 

i.738 

i 

2.603 

a.  256 

a.  156 

3.004 

2-552 

H 

M4; 

2.9S9 

»-59' 

2.483 

3,301 

2.930 

3.670 

3.400 

3.947 

3.817 

2.618 

3-333 

ift 

J.0'4 

3-838 

3-3aJ 

3.182 

2-955 

3.763 

■i 

3-,?79 

4-3°3 

3-730 

3.568 

3.313 

4-219 

■ft 

J.766 

4-79S 

4-156 

3-977 

3.692 

4.701 

4.173 

S-313 

4.605 

4-407 

4.091 

S.208 

ift 

.S.8S7 

5-<'77 

4.858 

4-51° 

S-742 

I 

5-0*9 

6.438 

5.57' 

5..331 

4-95" 

6.302 

■ft 

S-S'S 

7.026 

6.091 

5.827 

S.A^° 

I) 

6.00S 

7.650 

6.63' 

6.344 

5.890 

7-5°o 

■ft 

6,530 

8.301 

7-195 

6.90s 

6-392 

8.LJ8 

8.97S 

7.776 

7.446 

6.9.3 

8-8o2 

■  t 

7-fi^ 

9.682 

8.392 

8.037 

7-455 

9,492 

8,778 

10.41 

9.025 

8-635 

8.01S 

j  i 

8-7?3 

11.17 

9.68a 

9.264 

8.601 

ID- 95 

5.388 

■1-95 

.0.36 

9-918 

9.204 

11.73 

>  1 

12.76 

11.D6 

10.58 

9.8  28 

12.51 

10.68 

.^,.60 

11.79 

11.38 

10.47 

13-33 

, 

12,06 
13-51 

15.35 
17.22 

13.31 
14-92 

12,71 
14.34 

11.83 
■3-25 

15-05 
16.8S 

'S-07 

19.18 

16.62 

15-88 

14.77 

18,80 

2 

16. 6g 

ZI.2S 

i8.4> 

17-65 

16.36 

30-83 

18.40 

'3-13 

30.31 

19-45 

18.04 

32.97 

2 

15.7 ' 

M.39 

21.38 

1 9.  So 

25.31 

' 

22.07 

38.10 

24.36 

23.  a8 

31,64 

27-55 

3 

24.03 

30.60 

26-53 

aS-36 

23-56 

30.00 

3t 

26.08 

3.1- 20 

38.78 

37.50 

25-57 

32-5S 

^! 

33.30 

35.9a 

31.10 

29.38 

27-65 

35-2' 

■',' 

30.4a 

38.78 

33-57 

33.10 

39.82 

37-97 

■'/        / 

J'- 7' 

4'-6S 

36.10 

34-56 

32.07 

40.83 

J/         / 

JJ-.09     /44.6S 

38.73 

37-05 

1V40 

\«s« 

/'  /i 

7-,p5        47.82 

41-45 

I9.6S 

\\     1«>-*^ 

\  a,fe.?a 

o.,o        s'-os 

44.36 

43-35 

ft     3.q-\>- 

\  ^o-o«, 

■73    7  5-I-40 

47-16 

1  45-" 

\\     41 -''f 

\  ",7,-i-i 

WEIGHTS  OF  BAR  STOCK. 


OHTS  OF  Brass,  Co 

PER  AND 

\LiruiNUM  Bahs 

est  Linear  Foot 

B.*sa 

AM>- 

Wright  r-F«* 

Wriahl 
KcHUd 

Wrijin 
Rcund 

• 

Roond 

Squ«. 

H*...^ 

Squ.™ 

.oil 

,014 

01^ 

.012 

.015 

-003 

.004 

-04S 

■OSS 

.048 

.047 

.060 

.014 

.018 

.'35 

.106 

.135 

-033 

.041 

■175 

■335 

■  194 

.189 

.241 

■057 

.073 

.a;s 

■350 

■30' 

.396 

.377 

.089 

■39S 

-Sio 

.436 

.436 

.543 

.128 

'.'til 

■540 

.690 

■  593 

-579 

717 

'74 

.710 

.905 

■m 

-757 

964 

337 

290 

.900 

1.1s 

.978 

.958 

288 

367 

1.40 

1.34 

■.,a 

1  <;i 

156 

451 

'■35 

i,;a 

■  45 

..43 

183 

548 

t.66 

a.oj 

'■73 

1.70 

317 

,16 

653 

1.8s 

2.40 

3.03 

3';4 

601 

766 

3.15 

3.;s 

3.36 

3.33 

3  95 

697 

388 

a.,8 

3."S 

2,71 

2.66 

3.39 

.800 

2.SS 

3-65 

3.10 

303 

3.86 

.911 

1.16 

3,ao 

4.08 

3.49 

3.43 

4.35 

'.03 

t-3t 

3-57 

4-55 

3-9' 

3.8. 

4,88 

;:;i 

1.47 

3'97 

5-o8 

4.38 

4-37 

5.44 

1.64 

5.65 

4.83 

4.73 

6.Q1 

i.8[ 

4!86 

6.  J  J 

5-33 

S,21 

6.63 

1-57 

5-35 

6.81 

5-76 

573 

7,24 

,.73 

3.19 

S.86 

7.4s 

6.3a 

6-36 

7-97 

(.88 

3.40 

6.J7 

8.-3 

6.92 

6,8i 

8.67 

3.0S 

3.6l 

6.9J 

a.Sj 

7-54 

7-39 

9.41 

3.83 

7-48 

9-SS 

8.15 

7.99 

io.ig 

3-oe 

8.05 

10.27 

8.80 

8.45 

10.73 

3.59 

3-30 

8.6s 

9.47 

9.37 

11.80 

2-79 

3-55 

9.39 

ii.Sz 

10.15 

_9.76 

'3.43 

3-99 

3.8. 

9.95 

13.68 

10.H6 

'3S5 

3- 30 

4.0S 

.0.58 

USO 

J1.68 

14.15 

3-4' 

4-35 

11.33 

14.35 

13.36 

iS-43 

3.64 

4-64 

ia.78 

.6,=7 

1393 

■3.67 

17.43 

4,11 

S.34 

i4-3> 

18.34 

15.72  ■ 

■5-33 

'93' 

4.61 

5-87 

15.96 

30.32 

17-53 

.;.o8 

21.74 

S'4 

6-54 

.7.68 

32.53 

19.44 

1S.93 

34.09 

5-69 

7- 35 

19-50 

34.83 

30,86 

36.56 

6,27 

7-99 

ai.40 

37,25 

3340 

2  2,89 

29.05 

6.89 

8-S3 

93.39 

29.78 

35.83 

25.02 

31.86 

7.53 

9.58 

aS.47 

33-43 

37-84 

27.24 

34.69 

8. 30 

10.44 

30.45 

38.7? 

33.76 

31-97 

40.71 

'3.35 

35-31 

44.96 

37.«o 

37-°8 

47.23 

11,16 

40.07 

51.01 

43.56 

43-1 1 

53-6' 

12.81 

16.31 

I 

46.13 

58.73 

-i8-43 

6(.6; 

L 

'4-56 

t 

■^i^  WIRE  GAGES  AND  STOCK  WEIGHTS 


. 

- 

- 

g.ssi?s  s^J??.?!!  i;  j^i^SjII 

% 

!!fRjl*fi^lS   ;       ~ 

- 

1!fl?H5li«I-s  ^ 

1! 

^^iniMMlUS 

t 

i^-iniMzlislriS  - 

•s 

?!!HHHH-H4iS 

- 

tlH?IHj!  =  21530 

r 

-:!!!lfSsnf3.5ljj| 

' 

^*1!!;Hls5n5aK5t 

r 

Ser^KySffSS  S.S  ?^s  s-,?? 

^ 

^^1???:!1in5SjJ^  ■ 

r 

?^^s??!:?fl jsst '  '  ■ 

- 

Ill's -S  ?£.ai;  *s^|?  :   :   :   : 

- 

SK?|=S,*^S<t?5  :::::: 

- 

lilll,  J-S  l^'S.  :::::::    : 

- 

^PSESI^    :::::::;;: 

- 

ili ssi  ■■■■■■■■■■■'■■■  ■ 

/ 

■.:::■.■.■.■.■.■.■.:■.■■■■■-■■■■  \ 

-•^  — -^i;— ■J;-*-'^" 
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HORSE-POWER,  BELTS  AND   SHAFTING 


Horse-Power 

Horse-power  is  an  arbitrary  unit  of  measurement  which  has  been 
adopted  for  measuring  the  work  of  engines  or  machines.  It  is  given 
as  33,000  foot  pounds  per  minute  which  means  i  pound  lifted  33,000 
feet  per  minute  or  33,000  pounds  lifted  i  foot  per  minute  or  330 
pounds  lifted  100  feet  per  minute,  or  any  combination  which  gives 
33,000  foot  pounds  per  minute. 


Steam  Engine  Horse-Power 

In  a  steam  engine  it  means  the  effective  steam  pressure  per  square 
inch,  times  the  length  of  piston  movement  per  revolution  in  feet, 
times  the  piston  area  in  square  inches,  times  the  number  of  revolu- 
tions per  minute,  and  all  divided  by  33,000.  This  is  easily  remem- 
bered by  the  formula 

PLAN 


where 


33000 

P  =  mean  effective  pressure  per  square  inch. 
L  =  length  of  a  double  stroke  in  feet. 
A  =  area  of  piston  in  square  inches. 
N  =  number  of  revolutions  per  minute. 


Electrical  Power 

As  compared  with  electrical  imits  the  mechanical  horse-power 
equals  746  watts  or  nearly  f  of  a  kilowatt.  So  that  a  kilowatt  (1000 
watts)  equals  1.34  horse  power. 


Gas  Engine  Horse-Power 

The  A.L.A.M.  rating  for  gasoline  engines,  which  means  the  rating 

adopted  by  the  American  Licensed  Automobile  Manufacturers,  is 

based  on  the  assumption  that  the  piston  speed  is  1000  feet  per  minute 

in  all  cases.     This  gives  1500  revolutions  pet  mmxiVe  lot  ^  vvcks3\ 

stroke  motor,  which  is  about  average  practice. 

420 


AUTOMOBILE  MOTOR  HORSE-POWER 


421 


A.  L.  A.  M.  HORSE-POWER  RATING 

The  formula  adopted  is and  based  on  1000  feet  per  min- 

2.5 

utc  piston  speed.    D  is  the  cylinder  bore,  N  the  number  of  cylinders, 

and  2.5  a  constant,  based  on  the  average  view  of  the  Mechanical 

Branch  as  to  a  fair  conservative  rating. 

Table  or  Ho&se-Power  for  Usual  Sizes  of  Motors,  Based  on 

A.L.A.M.  Formula 


Bore 


Horse-Power 


Ins. 


2i 

if 
2| 

3} 

si 

4 
4i 
4i 
4i 

Jt 

si 
si 

5t 
5* 
6 


M/M 


64 
68 

70 

73 

76 

79 
83 
8S 

8g 
92 

95 

99 

102 

los 
108 
III 

114 
118 
121 
124 

127 
130 

133 
137 

140 

143 
146 

149 
152 


I  Cyl. 


2i 
2j 
3 
3A 

si 

SH 

4i 

4A 

4A 

4 

5f 
6 

6« 

6H 

7? 

7l 

81V 
8A 
9 
9i 

10 

10} 

II 

"A 

l'2lV 

12I 

i3t 

i3il 

i4i 


2  Cyb. 


sJ 


6f 

7i 
7f* 

9i 


I  Of 

Hi 

12 


12 


^3t 

142 
15  A 

i7i 
18 

19 

20 
21 
22 

23 

24i 
2Stt 


264 

27t 

28I 


4Cyls. 


10 
II 

I2tV 

131 

14* 

is! 

i8i 

i9i 
2oi 

22J 

24 

25f 

27i 

28A 

30f 

32I 
34i 

361V 
38 

40 
42 

44tV 
46 

48f 

Sof 

53 

55i 

57l 


6  Cyb. 


IS 
16J 

i8i 

19I 

21* 
23A 
25* 
27* 

29 1 
3if 
33} 
36A 

38J 
40A 
43* 
4Sii 

48f 
SI* 
S4A 
57 

60 

66i 
69A 
72f 
75\i 

79t 

82A 

86f 


To  simplify  reading  of  the  above,  t\ie  \vot?,fe-^^ct  ^^b»«5»  "^^ 
ipproximate,  but  correct  within  one-s\xteent\i. 
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DRIVING  POWER  OF  LEATHER  BELTS 

The  question  of  the  proper  size  of  a  leather  bdt  for  a  given  power 
transmission  resolves  itself  into  a  question  of  selecting  variou3  fac- 
tors. These  factors  have  been  worked  out  by  experiments,  by  ana- 
lytical methods,  and  in  practice. 

The  horse-power  that  a  belt  will  transmit  depends  upon  the  effective 
tension  and  the  belt  speed.  The  effective  tension  depends  upon 
the  difference  in  the  tensions  of  the  two  sides  of  the  belt  and  on 
the  surface  friction,  which  dq)ends  upon  the  ratio  of  the  tensions 
and  the  angle  of  belt  contact  with  pulley. 

Experiments  and  practice  have  shown  that  a  belt  of  single  thick- 
ness will  stand  a  stress  of  60  pounds  per  inch  of  width  and  give  good 
results,  that  is,  it  will  only  require  an  occasional  taking  up  and  will 
have  a  fairly  long  life.  The  corresponding  values  for  double  'and 
triple  belts  are  105  and  150  pounds  per  inch  of  width  provided  the 
pulleys  are  not  too  smalls 

Experiments  have  shown  that  on  small  pulleys  the  ratio  of  the 
tensions  should  not  exceed  2,  on  medium  pulleys  2.5,  and  on  large 
pulleys  3.  The  larger  the  pulley,  the  better  the  contact;  also  the 
thinner  the  belt,  the  better  the  contact  for  the  same  size  of  pulley. 
When  the  pulley  diameter  in'  feet  is  three  times  the  thickness  of  the 
belt  in  inches^  or  in  this  proportion,  we  get  equivalent  results  for 
different  thicknesses  of  belts.  This  gives  us  a  method  of  classifying 
our  pulleys.  The  belt  has  to  adjust  itself  in  passing  over  a  pulley 
due  to  its  own  thickness.  Some  adjustment  is  also  necessary  on 
account  of  the  crowning  of  the  pulley.  These  adjustments  accoimt 
for  the  different  ratios  for  the  various  pulley  diameters.  The  effects 
of  the  crown  and  pulley  diameters  are  not  usually  considered  in  belt 
rules,  although  they  should  be.  The  ratios  given  are  for  180  degrees 
wrap  and  decrease  with  less  contact. 

The  creep  of  the  belt  depends  upon  its  elasticity  and  the  load, 
and  experiments  have  shown  that  this  should  not  exceed  i  per  cent, 
in  good  practice.  In  order  to  keep  this  creep  below  i  per  cent,  it 
is  necessary  to  limit  the  difference  of  tension  per  inch  of  width  of 
single  belt  to  40  pounds.  The  corresponding  values  for  double  and 
triple  belts  are  70  and  100  pounds  per  inch  of  width.  These  figures 
are  based  on  an  average  value  of  20,000  for  the  running  modulus  of 
elasticity  of  leather  belting. 

Table  i  has  been  prepared  on  the  basis  of  these  limitations  and 
gives  a  value  for  the  factor  or  constant  F  in  the  equation 

F  '     V 

in  which  H  Pis  the  horse-power,  V  the  belt  velocity  in  feet  per  minute, 
and  W  the  width  in  inches. 

Table  2  gives  corrected  values  for  F,  when  the  arc  of  contact  or 
wrap  is  greater  or  less  than   180  degrees.     On  large  pulleys  the 
^  may  exceed  i  per  cent,  if  the  wrap  is  over  180  degrees,  as 
increased  friction  gives  a  greater  ^^erence  oi  lensvoxv^. 
'  illustrate  the  us^  of  the  tables,  we  wiW.  laVe  \)aft  Ic^qtwyb^ 
4>les: 
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How  much  horse-power  will  a  4-mch  single  belt  transmit  at  a  speed 
of  4600  feet  per  minute  passing  over  a  12-inch  pulley?  The  factor 
is  920,  therefore, 

4^X4  =  20  B.P. 

920 

How  wide  should  a  belt  be  in  order  to  transmit  50  horse-power 
at  2000  feet  per  minute  on  a  36-inch  pulley? 

W^  ^^  ^  ^3^  =  2o,i-inch  single  hdt, 
2000 

This  gives  a  width  of  single  belt  beyond  the  usual  limit,  8  inches 
being  considered  good  practice  for  the  maximum  width  of  a  single  belt. 

W  =  ^°  ^  ^^^  =  is-inch  double  beU. 
2000 

How  wide  should  a  single  belt  be  in  order  to  transmit  2  horse- 
power at  600  feet  per  minute  over  a  4-in.  pulley  with  140  deg.  wrap? 

In  this  case  we  take  the  factor  iioo  from  Table  i  and  in  Table  2 
find  a  corrected  value  for  iioo  under  140  degrees  of  1270. 

W  =  — 2 —  4.2 $-inch  single  belt, 

000 

How  wide  a  belt  is  required  for  300  horse-power  at  2000  feet  per 
minute  over  a  lo-foot  pulley? 

W  =  300  X  470  ^  y^^^i^f^  J^^^  J^^ 

2000 
This  is  too  wide.    Good  practice  calls  for  a  change  to  triple  at 
48  inches  imless  for  some  special  reason  a  narrower  belt  is  necessary. 

W  =  3QQ  X  330  „  ^,^.inch  triple  belt, 
2000 

The  results  given  by  these  factors  are  well  within  working  values 
and  the  belts  will  probably  transmit  50  per  cent,  more  power  than 
these  factors,  but  at  the  expense  of  tiie  life  of  the  belt.  A  liberal 
allowance  at  the  beginning  means  less  annoyance,  fewer  delays  in 
taking  up  the  belts,  longer  life  and  less  cost  for  renewals  and  repairs. 


Transmission  of  power  in  mill  work  is  by  gearing,  by  shafting, 
•by  electric  motors,  and  by  leather  and  rope  belting,  and  which  of 
these  should  be  used  in  a  particular  case  is  a  problem  for  the  engineer 
in  charge  to  determine. 

For  successful  work  the  pullejrs  must  be  large  in  diameter  and 
must  have  a  smooth  surface  where  the  rope  bears  upon  them.  The 
speed  and  the  load  on  the  rope  must  also  be  such  as  experience  has 
shown  to  be  economical.  When  these  conditions  are  fulfilled,  a 
rope  drive  is  a  very  satisfactory  method  of  transmitting  power. 

The  table  shows  the  horse-power  of  driving  ropes  and  the  diameter 

of  pulleys  that  should  be  used  for  this  purpose.    This  table  takes 

into  consideration  the  effects  of  the  centrifugal  force,  so  that  the 

strain  on  the  rope  is  constant  on  the  driving  side  in  transmitting  the 

tabular  power,  no  matter  what  the  speed  ma.v  b^.    While  many 

eagineers  recommend  a  much  larger  horse-poTJW,  -w^  \i^\cv^  >iJftfc 

cstitxiates  here  given  are  advisable  except  in  tempoiarj  VtisXaJ^^xiaiis»« 


DATA  OF  MANILA  ROPE 
HoRfE-PowEK  OF  Manila  Rope 
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Data  of  Manila  Transmission  Rope 
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Weight  of  transmission  rope =      .34  X  diameter.' 

Breaking  strength =  7,ooo  X  diameter.' 

Maximum  allowable  tension =      lao  Y.  Siam*,'u«> 

Diaaieter  smaUest  practicable  sheave . .   =        jfi  'S'^  &4.ta«isi . 
Velocity  of  rope  (assumed) =  5A«a^'*-^V^'°*^^'^ 
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BELT  FASTENINGS 

The  best  fastening  for  a  belt  is  the  cement  splice.  It  is  far 
beyond  any  form  of  lacing,  belt  hooks,  riveting,  or  any  other 
method  of  joining  together  the  ends  of  a  belt.  The  cement  joint  is 
easily  applied  to  leather  and  to  rubber  belts,  but  to  make  a  good 
cement  splice  in  a  canvas  belt  requires  more  time  and  apparatus 
than  is  usually  at  hand.  Good  glue  makes  a  fine  cement  for  leather 
belts,  and  hsh  glue  is  less  affected  by  moisture  than  the  other. 
Many  of  the  liquid  glues  are  £i^  glue  treated  with  acid  so  as  not 
to  gelatinize  when  cold.  A  Uttle  bichromate  of  potash  added  to 
ordinary  hot  glue  just  before  it  is  used  will  render  it  insoluble  in 
water. 

Belt  Hooks 

There  are  many  styles  of  belt  hooks  in  use,  some  of  the  more  com- 
mon kind  being  shown  in  Figs,  i,  2,  3  and  4.  Fig.  2  is  practically 
a  double  rivet.  Fig.  3  a  malleable  iron  fastening,  although  similar 
hooks  have  been  made  of  pressed  steel,  and  Fig.  4  is  the  Blake  stud, 
which  has  the  advantage  of  not  weakening  the  belt  but  makes  a 
hump  on  the  outside  where  the  ends  turn  up.  Fig.  5  is  the  Bristol 
hook  of  stamped  steel  which  is  driven  in  the  points  turned  over  on 
the  other  side.  Fig.  6  is  the  Jackson  belt  lacing  and  is  applied 
by  a  hand  machine  which  screws  a  spiral  wire  across  the  ends  of  a 
belt.  These  are  then  flattened  and  a  rawhide  pin  or  a  heavy  soft 
cord  used  as  a  hinge  joint  between  them.  These  joints  are  probably 
equal  to  90  per  cent,  of  the  belt  strength. 

Lacing  Belts 

Belts  fastened  by  lacing  are  weakened  according  to  the  amount 
of  material  punched  out  in  making  the  holes  to  receive  the  lacing. 
It  is  preferable  to  lace  with  a  small  lacing  put  many  times,  through 
small  holes.  Such  a  joint  is  stronger  than  a  few  pieces  of  wide  lacing 
through  a  number  of  large  holes.  Figs.  7  and  9  illustrate  two  forms 
of  belt  lacing,  the  latter  being  far  preferable  to  the  other.  Tlie  lacing 
shown  by  Fig.  7  is  in  a  double  leather  belt  5  inches  wide.  The  width 
makes  no  difference  as  the  strength  is  figured  in  percentage  of  the 
total  width.  There  are  four  holes  in  this  piece  of  belt,  each  hole 
J  inch  in  diameter.  The  aggregate  width  thus  cut  out  of  the  belt  is 
4Xf  inch=V=ii  inches.  Then  1.5-7-5=0.30,  or  30  per 
cent,  of  the  belt  has  been  cut  away — ^nearly  one-third  of  the  total 
strength. 

Another  Method  of  Lacing 

In  Fig.  9  a  different  method  is  followed.    Instead  of  there  being  a 

few  large  holes,  there  are  more  smaller  ones — one  fourth  more,  in 

fact.     There  are  five  holes,  each  -^  inch  in  diameter,  making  a 

total  of  j~f  inch  or  0.9375  ^  5— 18|  pet  cent.,  leaving  SiJ  per 

cent,  of  the  total  belt  strength  against  70  pet  cenl.m\)ckR\i^x.^N3a. 

M-^e  holes,     A  ^rst-class  double  leather  be\t  'wWV  leax  m  V«o  >MA«t 
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a  strain  of  about  500  pounds  to  each  lace   hole,  the  strain  being 
applied  in  the  holea  by  means  of  lacings. 

The  belt  shown  by  Fig.  g  has  8ii  per  cent,  of  1.875  square  inches 
of  section,  =  1.525  square  inches  left  after  cutting  out  the  five  holes. 
This  amount  is  Kood  for  3000  X  1-875  —  5635  pounds  breaking 
strain,  and  as  the  lacing  wilt  tear  out  under  2500  pounds,  it  will  be 
seen  that  we  cannot  afford  to  use  lacinss  if  the  full  power  of  the 
leather  is  to  be  utilized.  This,  under  a  factor  of  safety  of  5,  would 
be  I12S  pounds  to  the  square  inch,  or  )i»s  X  t-S^S  —  1715  pounds 


TTQ.  g  nc.  9 

Belt  Hooks  and  Lacings 

working  strain   for  the  belt,  or  1715  +  5  —  343-5  pounds  to  each 

lace.     This,  loo,  is  loo  much,  as  it  is  less  than  a  factor  of  safety  of  1. 

The  belt  to  carry  40  pounds  working  tension  to  the  inch  of  width 

must  also  carry  about  40  pounds  standing  tension,  making  a  strain 

of  ap  pounds  10  the  inch,  or  80  X  5  —  400  pounds.    This  is  a  belter 

showing,  and  gives  a  factor  of  safety  of  2500  -t-  400  =  6i.    Still,  we 

are  wasting  a  belt  of  5625  pounds  ultimate  strength  in  order  to  get 

from  it  400  pounds  working  strain.     This  means  a  factor  of  safety 

of  over  14  in  the  body  of  the  bell  bul  of  only  61  at  the  Ucin?,,  fitJK.V 

shows  the  advanlage  of  a  cement  spWce. 

Fig.  10  shows  a  method  sometimea  used  \n  teWsse  ■Ci\t  NaKft-V-i*^ 

of  some  of  the  strain.     Double  rows  oi  Vvo\e»,  a.TC  ^mtvOcv^A  »^  .^»  ,.; 

Mad  the  lacing  distributed   amoi^   ttiem.     Kfi  V"   »*  T«\V"t 


<Oi 


4z8 
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strenph  of  the  belt  is  concerned,  this  does  nothbg,  for  all  the  stress 
put  upon  the  belt  by  the  larmg  at  c  must  be  carried  by  the  belt  sec- 
tion at  a;  therefore  this  way  of  punching  holes  does  not  increase  the 
section  strength.  Neither  does  staggering  the  holes  as  shown  at  d 
and  e.  The  form  of  hole-punching  shown  at  a  ft  i:  is  desirable  for 
another  reason.  It  distributes  the  lacing  very  nicely  and  does  not 
make  such  a  lump  lo  thump  when  it  passes  over  (he  pulleys. 

ALIBIHG  SHAFTIHG  BY  A  STEEL  WIRE 

A  STEEL  wire  is  often  used  for  alinine  shafting  by  stretching  it 
parallel  with  the  direction  ot  the  shaft  ana  measuring  from  the  shaft 
to  the  wire  in  a  horizontal  direction.  This  sleel  wire  can  also  be 
used  for  leveling  or  alining  in  a  direction  at  right  angles  Co4he  other, 

Sags  of  a  Steei.  Alining  Wire  for  Shafting 


ii  II  n  M  i 
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by  making  vertical  measurements,  it  it  U  stielched  under  established 
conditions  and  if  the  sags  at  the  points  of  measurement  are  known. 
The  accompanying  table  gives  the  sags  in  inches  from  a  truly  level 
line  passing  through  the  points  of  support  of  the  wire,  at  successive 
points  beginning  10  feel  from  the  reel  and  spaced  10  feet  apart  for 
a  No.  17  Birmingham  gage  high  grade  piano  wire,  stretched  with  a 
weight  of  60  pounds,  wound  on  a  reel  of  a  minimum  diameter  of 
three  and  one-half  inches  and  for  total  distances  between  the  reel 
and  point  of  support  of  the  wile  varying  by  increments  of  10  feet 
from  40  to  180  feet.  Thus  a  wire  of  any  convenient  length,  of  the 
kind  indicated,  can  be  selected,  so  long  as  this  length  is  a  multiple 
of  TO  feet  and  between  the  limits  spcci&ed,  and  the  table  gives  the 
sags  from  a  truly  level  line  at  points  10  feel  apart  for  its  entire  length 
when  it  is  stretched  under  the  conditions  deagnated.    These  sap 


Sags  of  a  Stem,  Auminc  Wife  f 


1  Shafuko 


Distance  in  Feet,  from  Red  10  Point 


50  16c  J70  180  190 


230  340  150  260  370 


Sag  of  the  Wire  in  Inches 


being  known,  direct  measurements  can  be  made  lo  level  ot  aline 
a  shaft  by  vertical  measurements. 

The  method  was  originally  developed  for  alining  the  propeller 
shafts  of  vessels,  but  it  is  equally  serviceable  for  serai-&rible  shafting, 
as  factory  line  shafts. 
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HORSE  POWER  OF  STEEL  SHAFTmG 
FoK  Line  Shaft  Sebvtce 
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This  taUe  is  based  on  the  formula 


For  head  and  jack  shafts,  supponed  by  bearings  close  to  main 
sheave  or  pulley  so  as  to  prevent  transverse  strain,  the  following 
fonnula  may  be  used  with  safety: 

115 

D  =  Diameter  of  shaft  in  inches. 

R  =  Number  of  revolutions  per  minute- 

M  =  Horse-power. 
Deflectbn  of  shafting  from  weight  of  pulleys  and  draw  of  belting 
should  not  be  allowed  in  excess  of  -ooi  per  foot,  as  this  action  adds 
very  rapidly  to  the  power  cost.  If  this  deflection  is  at  a  clutch, 
sleeve  or  roller  beating,  any  of  them  may  be  ruined  easily  and  quickly. 
It  can  be  reduced  by  using  more  hangers. 

SPEEDS  OF  PULI^YS  AND  GEARS 

The  fact  that  the  circumference  of  a  pulley  or  gear  is  always 

3.1416  or3i  times  the  diameter  makes  it  easy  to  figure  spewls  by 

considering  only  the  diameter  of   both  driver  and  driven  pulleys. 

Selling  from  one  6-mch  pulley  to  another  gjves  &e  =»,Ttic  =Ajeed  to 

boti;  but  if  the  driving  pulley  is  16  incVies  aivd  \-Ue  te-jen  ^i^ 

oaly  four  inches  U  is  clear  that  the  smaU  pulky  yiVa  tvnii  1,  tmt^  \> 
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every  turn  of  the  large  pulley.  If  this  is  reversed  and  the  small 
pulley  is  the  driver,  the  large  pulley  will  only  make  one  turn  for 
every  four  of  the  smsdl  pulley.  The  same  rule  applies  to  gears  if 
the  pitch  diameter  and  not  the  outside  diameter  is  taken.  The  fol- 
lowing rules  have  been  arranged  for  convenience  in  finding  any 
desir^  information  about  pulley  or  gear  speeds. 


HAVING 


TO  FIND 


RULE 


Diameter  of  Driving  Pulley 
Diameter  of  Driven  Pulley 
Speed  of  Driving  Pulley 


Diameter  of  Driving  Pulley 
Speed  of  Driving  Pulley 
Speed  of  Driven  Pulley 


Diameter  of  Driving  Pulley 
Diameter  of  Driven  Pulley 
Speed  of  Driven  Pulley 


Diameter  of  Driven  Pulley 
Speed  of  Driven  Pulley 
Speed  of  Driving  Pulley 


Speed  of  Driven  Pulley 


Diameter  of  Driven  Pulley 


Speed  of  Driving  Pulley 


Diameter  of  Driving  Pulley 


Multiply  Diameter  of 
Driving  Pulley  by  its 
Speed  and  divide  by 
Diameter  of  Driven 
Pulley, 

Multip^  Diameter  of 
Driving  Pulley  by  its 
Speed  and  Divide 
by  Speed  of  Driven 
Pullev. 

Multiply  Diameter  of 
Driven  Pulley  by  its 
Si)eed  and  Divide  by 
Diameter  of  Driving 
Pulley. 

Multiply  Diameter  of 
Driven  Pulley  b^  its 
Speed  and  Divide 
by  Speed  of  Driving 
Pulley. 


These  rules  apply  equally  well  to  a  number  of  pulley  belts  to- 
gether or  to  a  train  of  gears  if  all  the  driving  and  all  the  driven  pulley 
diameters  and  speeds  are  grouped  together. 

TABLES  OF  CIRCUMFERENTIAL  SPEEDS 

The  tables  on  pages  43  2-43  S  which  give  circimiferential  speeds* 
can  be  used  for  obtaining  gear  and  belt  speeds  and  the  speed  of 
revolving  parts  of  high-speed  motors. 

For  diameters  greater  than  those  given  in  the  tables,  the  speeds 
can  be  obtained  by  adding  together  the  speeds  for  two  diameters 
whose  sum  equals  that  of  the  diameter  for  which  we  require  the 
speed.  For  example,  to  find  the  speed  at  a  120-inch  diameter  and 
200  revolutions  per  minute,  the  following  calailation  is  readily  tnade: 

Speed  for  xoo-indi  diameter  —  5236  feet. 
Speed  for    20-inch  diameter  — 1047  feet. 

Speed  for  120-incli  diameter  —  6283  feet. 

To  interpolate,  we  can  use  the  values  given  for  speed  for  i-  to 
lo-inch  diameters,  dividing  them  by  10,  100,  1000,  etc.,  to  obtain 
speeds  for  tenths,  hundredths,  thousandths,  etc.  For  instance,  if 
the  speed  for  550  revolutions  per  minute  and  46.186-inch  diameter 
is  required,  we  proceed  as  follows: 

For  46         in.  diameter s'^^eed  =  ^i.-i»  \\.. 

For    0.1      in.  diameter  =  ^      oi  i-in.  dVardelei  s\«fcd.  =    -vv^^^^- 

For    0.08    in.  diameter  =  iJo    oi  S-iti.  dVamelex  spted.  =     '^^'^^^l 

For    0.006  ia.  diameter  =  i,^q  of  6-m.  diamtVtt  s^ed.  ^^  _3-^  v::- 

For  46.186  in.  cliameter  . .  «^eed  =  ^s^V^  ^'^^ 
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CiKcuiiFEit£NnAL  Speeds  in  Feet  per  Minute 
(Sec  page  431) 
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CiBCiniFEBENTiu.  Speeds  in  Feet  pes  Minute 
(See  page  431) 
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POWER  REQUIRED  BY  MACHINE  TOOLS 


Engine  Lathes 


Swing 
Inches 

12 

14 
16 

18 
20-22 
24-27 

30 

32-36 
38-42 

48-54 
60-84 


Horse- 
Average 
work 

J 

1-2 

2-3 

3 

5 

S  -  71 
7J-10 

10  -15 

15  -20 

20  -25 


power 

•Heavy 
work 

2 

2-3 
2-3 

7J~io 
7J~io 
71-10 
10  -15 
15  -20 
20  -25 
25  -30 


Axle  Lathes 


Single 

Double 

Locomotive  axle 


H.P. 

5-  7i-io 
10-15  -20 

25 


Wheel  Lathes 

Tailstoek 
Motor 

H.P.  H.P. 

48-in.  car  wheel. . .   15-20  5 

51-60 driv.  wheel. .   15-20  5 

79-84 25-30  5 

90 30-40  5-7i 

100 40-50  5-7i 

Quartering  attach- 
ment      3-5 

Cylinder  Lathes 

H.P. 

40  in 15 

40-in.  heavy 20 

48  in 15 

Vertical  Boring  Mills 


Size 

3(^-42  in. 
so  in. 
60-84  in. 
/-1 2  ft. 
^4~2s  ft. 


Average 
H.P. 

5  -:7j 

7i 
7i-io 
10  -75 

^5  -2S 


Heavy 
HP. 

7i-io 

7J-IO 

10  -15 

30  -40 

30  -40 


Horizontal  Boring,  Drilling 
AND  Milling  Machine 


Dia. 
Spindle 

Horse-power 
for  Single  Spindle 

3i-4i 
4i-5i 
5i-6i 

5-7J 
7J-10 
10  -15 

For  double  spindle,  use  double 
the  horse-power. 

Cylinder  Boring  Mach. 


Dia. 
Spindle 

4 
6 

8 


Max.  Boring 
Diameter 

20 

30 
40 


Horse- 
power 

7i 

10 
15 


Miscellaneous 

Loco,  rod  boring  mach.  7J-10 
Car-box  boring    mach. 
6x12  and  5J X  lo''  boxes     5  - 

Car-wheel  borer 10-15 


73 


Planers 


Size 

24  X  24  in. 

30  X  30  in. 

36  X  36  in. 

48  X  48  in. 

60  X  60  in. 

72  X  72  in. 

84  X  84  in. 
100  X  TOO  in. 


Horse-F>ower 

3-  5 

5-7i 
10-15 

15-20 

20-25 

20-30 

30 

40 


Note.  —  Normal  length  of  bed 
in  feet  is  about  i  the  width  in 
inches. 

Frog  and  Switch  Planers 

36  X  12  in.  30 

48  X  36  in.  30 


Plate  Planers 

Niles  Nos.  2  and  3 

Niles  1^0.  $ 

Niles  Nos.  6  axvd  t  . . . . 
Niles  No.  & 


10 

1 
10- 
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Rotary  Planers 

Dia.  Cutter  Horse-power 

24-  30  in.  S-  7i 

36-  42  in.  10 

48-  54  in.  15 

60-  72  in.  20-25 

84-100  in.  30-40 

Shapers 

H.P. 

i2-i6-in.  stroke 2 

i8-in.  stroke 2-3 

20-24-in.  stroke 3  ~  5 

30-in.  stroke 5  ~  7i 

2o-in.  Traverse-head. .  7i 

24-in.  Traverse-head . .         10 

Crank  Blotters 

Stroke  Horse-power 

6-8       3  -  S 
10-12  S 

14       S  -  7i 
i6-i8       7f-io 
20-30      10  -15 

Plain  Millers 

Table  Feed         Cross  Feed         H.P. 

34  10  7J 

42  12  10 

SO  12  IS 

Universal  Millers 

Nos.  i-ij 1-2 

No.  2 3-5 

No.  3 S  -  7i 

No.  4 7i-io 

No.  5     10  -IS 

Vertical  Millers 

Height  Under  Work 

12-14  in.  S~  7i 
18  in.  10 

20  in.  15 

24  in.  20 

Vertical  Slab  Millers 

24-in.  width  of  work 7J 

j2-j6~in.  width  of  work   ...    10 
42-in.  width  of  work 15 


Horizontal  Slab  Millers 


Width  Between 
Housings 

24-30  in. 

36  in. 

60-72  in. 


Horse-power 
Average  Heavy 

7i-io  lo-is 

10  -is  20-2S 

2S  7S 


Cylindrical  Grinders 


Dia.  Wheel 

10  in. 
14  in. 


Horse-power 
Average  Heavy 

7i 
IS 


18  in. 


S 
10 

10 


IS 


Emery  Grinders 


No.  Wheeb 

Dia. 

H.P. 

2 

6  in. 

i-i 

2 

10  in. 

2 

2 
2 
2 

24- 

12  in.      ' 
i8  in. 
-26  in. 

7i-io 

Misc.  Grinders 

Type  Horse-power 

Wet  tool 2-3 

Flexible  swing 3 

Angle  cock 3 

Piston  rod 3 

Twist  drfll 2 

Automatic  tool z~S 

Car  wheel 30 


Buffing  Heads 


No.  Wheels 
2 
2 
2 


Dia. 

6 
10 

14 


H.P. 

i-  J 

I    -2 

3  -S 


Vertical  Drills 

Size  H.P. 

1 2-20  in I 

24-28  in 2 

30-32  iiY -5. 

36-^0  m '^^ 

50r-6o  \xv • :  •   ^  V-  "»k 

Sensitwe  ^^nJ\s  >xp  ^  V^^-    ^  ^ 
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Radial  Drills 


Size 
3-ft.  arm 
4-ft.  arm 
5-6-7ft.  arm 
8-9-10  ft.  arm 


Horse-power 
Average      Heavy 


1-2 

2-3 
3-5 

s-7i 


3 
S-7i 
S-7i 
7T-IO 


Multl-Spindle  Drills 


Size  of  Drills 


1  _ 
11 


Up  to 


i- 

i- 


1 
1 

i 

I 

2 


6-10  spindle 
6-10  spindle 
6-10  spindle 
6-10  spindle 
6-10  spindle 
4  spindle 

Gear  Cutters 

Size 

36  X  9  in. 
48  X  10  in. 
30-60  X  12  in. 
72  X  14  in. 
64  X  20  in. 


H.P. 

3 

5 

7i 
10 

lo-is 
7J 


Horse-power 

2-3 

3  -  S 

S-7J 
7J-10 

10-15 


Cold  Saws 

Dia.  Saw        Horse-power 


20  m. 
26  in. 

32  in. 
36  in. 
42  in. 
48  in. 
Hacksaws 


3 
5 

7J 
10-15 
20 

25 
1 

Bolt  Cutters 

Single  Horse-power 

I,  li,  I J  in 1-2 

i|,  2    in 2-3 

2 J,  3i  in 3-5 

4,    6    in S-7J 

1,  If  in.  double 2-3 

2,  2  J  in.  double .......  3-5 

I,    ij,  2  in.  triple 3-7J 

Bolt  Pointers 
li,  2J  in 1-2 

Nut  Tappers 

T,  2  In.    4-spmdle 3 

2  in,    6-spindle 3-5 

^  in.  lo-spindle  ...  5 

^  in.  nut  facer  . . ... .  .* .'  *       3 


Pipe  Threading  and  Cutting 
OF?  Machines 

Size  of  Pipe  Horse-power 

J-  2  in.  2 

i-  3  in.  3 

ij-  6  in.  3-5 

2  -  8  in.  3-5 

3  -lo  in.  5 

4  -12  in.  5 
8  -18  in.  7i 

24  in.  10 

Hammers 

Size  Horse-power 

15-  75  lb.  i-5 

100-200  lb.  5  -7J 

Drop  hammers  require  approx- 
imately I  horse-power  for  every 
loo-pound  weight  of  hammer 
head. 

100  lb.  Bradley  hammer 3 

200  lb.  Bradley  hammer 5 

350  lb.  Beaudry  hammer 5 

Bulldozers,  Forming  or 
Bending  Machines 

Width  Head  Movement  Horse-power 

29  in.          14  in.  5       • 

34  in.           16  in.  7  J 

39  in.          16  in.  10 

45  in.          18  in.  15 

63  in.          20  in.  20 

Bulldozers  (ajax) 

No.  3  5 

No.  4  7J 

No.  5  10 

No.  6  15 

No.  7  30 

No.  9  40 

No.  12  50 

Bolt  Headers  (hot) 

Size  Horse-power 

i-ii  in.  5-  7i 

ii-2    in.  10-15 

Upsetting  Machines 

2  in.  72-10 

3  iu.  \o  -\^ 

5  in.  T^S  --io 

6  in.  ^^  -^^ 
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Hot  Nut  Machdnes 

Sise  Horse-power 

M  in.  5 

i-i    in.  7i-io 

iJ-2    in.  10  -15 

Hyd.  Wheel  Press 


Size 
100  tons 
200-300  tons 
400  tons 
600  tons 


Horse-power 
5 

7i 
10 

IS 


Bending    and    Straightening 
Rolls 

Width          Thickness  H.P. 

4-  6  in.          tV-  i  5 

6  in.          ffT  i  5-iS 

8  in.          i  25 

10  in.          ij-ii  35-50 

24  in.          I  50 


Flue  Machines 

No.  of  Flues  Horse- 

Capadty  power 

Flue  Rattler      250-300  20-30 

Flue  Cutter  2-3 

Flue  Welder  2-3 


NOTCflING 

Press  (sheet-iron)  j 

Dia.  Punch 

Thickness 

Horse-power 

iin. 

■ ' 

I 

i-  1  in. 

-I 

2-  3 

}  in. 

' 

3-  5 

i-i  in. 

H 

5 

I  in. 

7J 

li  in. 

7J-10 

if  in. 

10  -IS 

2  in. 

10  -IS 

2^  in. 

ij 

IS  -2S 

Multiple  Punch 
4  holes     I  dia.     }  plate     7i-io 

Shears 

Horse-power 
Gap   Width      Cut  i  Iron      Cut  i  Iron 
30-42  in.  3  S 

56-60  in.  4  7J 

72-96  in.  s  10 

Boh  shears  7^ 

Double  angle  shears 10 

Rotary  bevel  shears 7^ 


Plate  Shears 

MeUl      Cut  per  Min.   Stroke  H.P. 

fx    24  in.         35  3    in.  10 

1  X    24  in.         20  3    in.  15 

2  X  14  in.  15  4i  in.  30 
I  X  42  in.  20  4  in.  20 
1}  X  42  in.  IS  4)  in.  60 
ijx  54  in.  18  6  in.  75 
1}  X  72  in.  20  sJ  in.  10 
i^xiooin.  10-12  7 J  in.  75 

Lever  Shears 

Metal  Cut  Horse-power 

1  X  I  in.  5 
li  X  I J  in.  7J 

2  X  2  in.  10 
6x1  in.  10 
2}  X  2)  in.  10 
I  X  7  in.  15 
2|  X  2}  in.  15 
i|  X  8  in.  20 
si  X  3  J  in.  20 
4i  round  30 

Motors     Usually     Employed 
FOR  Cranes  and  Hoists 

Hoist 
Capacity  Speed  H.P. 

tons  ft.  per  min. 

5         25  IS 

SO  25 

10      30  25 

40  40 

15       20  25 

20      15  25 

25      10  25 

IS  33 

30  14  33 

5  aux.  so  25 

10  aux.  25  25 

50  10  40 

5  aux.  50  25 

10  aux.  25  25 

Bridge  Trolley 

Capacity     Span        H.P.      H.P. 
tons  ft. 

5  60  20  3 

10  80  25  3 

IS  80  25  5 

20  80  i«i  ^ 

2S  %0  1^  ^ 

^o  %o  ^-S        A 

^^         ^  ^p        -xX 


AJC 
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POWER  REQUIRED   FOR 

Band  Saws 


Dia.  Wheel 
30  in. 
34  in. 

36-38  in. 

40-42  in. 

40-42  in. 

40-42  in. 


Max.  width 
of  Saw 

1 

3 

i 

J-ii 

3i 


H.P. 
2 

3 

3-5 
3-7i 
10 

15 


PLANING-MILL  EQUIPMENT 

Siae  Heads  Horse-power 

30  X    8  in.  4-5  40 

24  X 12  in.  4-5  40 

30x12  in.  4-5  40 

Outside  Moulders 

Capacity  No.  Heads     Horse-power 


Cut  Off  Saws 

Dia.  Saw  No.  of  Saws  H.P. 

12-14                  I  3 

16  .       I  5 

16                2  7i-io 

30  I  7i 

Circular  Rip  Saws 

14  I  5 

16  I  7i 

24  I  10 

36  I  15 


Timber  Sizers 


Capacity 
30  X  20  in. 
20  X  20  in. 
30  X  10  in. 
20  X  16  in. 


No.  Heads 

4 
4 
4 
4 


H.P. 
SO 

50 
40 
40 


Size 
30  X  6  in. 
24  X  6  in. 
30  X  8  in. 
26  X  8  in. 

24  X  6  in. 
16  X  6  in. 
24  X  8  in. 
30  X  8  in. 


Surfacers 
No.  Heads 
1-2 
1-2 
2 


I 
I 
I 
I 


Shapers,  1-2  spin. 
Borers 


H.P. 

15-20 

15-20 

30 

30 

5-  7il 

S-7i 
10 

10 

Horse-power 

3-S 
S-7i 


Planers,  Matchers  and 
Flooring  Machines 

Size  Heads     Horse-power 

px  Sin.  4-5  30 

'9x  Sin,  4-5  30 

4-5  40 


^4x  8  in. 


4x4  m. 

4  X  4  in. 

6  X  4  in. 

6  X  4  in. 

8  X  4  in. 
10  X  4  in. 
12  X  5  in. 
14  X  6  in. 


1-2 

3-4 
1-2 

3-4 
4 
4 
4 
4 


5 

7i 
5 

7i 
10 

15 
20 

20 


Inside  Moulders 


8x4  in. 
10  X  4  in. 
10  X  6  in 
15  X  4  in. 


4 

4' 
4-5 
4-5 

Jointers 
8r-i2  in. 
16-24  in. 
30-36  in. 


15 

IS 
20-30 

20-30 

2 

3 
5 


Tenoning  Machines 

No.  Heads 


si  X  14  in.  I 

si  X  15  in.   '  2 

23    X   9  in.  2 

54   X   4J  in.  4-8 

78   X    45  in.  4-8 

Gainers 


3-5 

S 

7i 
10  -15 

10  -15 

7i-io  -15 


I 


Belt  Sanders 

Width  of  Belt  Horse-power 

6-14  in.  2-3 

18  in.  S 

Column  Arm 

Length  of        Dia.  of 
Ann  Disks  Horse-power 

4-10  ft.  8  in.  3 

Drum  Sanders 

Length  of  Drum  Horse-power 
30  in.  ^\ 

36  in.  10 

42-/V^  *m.  \^ 

54-60  Vtv.  10 
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Group  Driving  of  Machines 

There  are  many  shops  where  group  driving  will  be  found  more 
desirable  than  the  use  of  individual  motors,  both  as  to  first  cost 
and  maintenance.  This  is  particularly  true  where  the  machines 
are  comparatively  small  and  run  intermittently,  as  the  cost  of 
motors  will  be  much  less. 

Friction  load  of  2}  to  3-inch  ^lafting,  with  bearings  8  to  10  feet 
and  nmning  at  150  to  200  revolutions  per  minute,  is  about  i  horse- 
power for  every  30  feet  of  shafting.  This  includes  the  friction  of 
countershafts  of  the  machines  driven  by  it. 

In  gfoup  driving  it  is  usually  perfectly  safe  to  select  a  motor 
having  a  rated  capacity  of  from  25  to  30  per  cent,  of  the  total  power 
required  for  the  machines  in  the  group* 

• 

Power  Required  for  Punching 

Experiments  tend  to  show  that  with  steel  plat^  of  60,000  pounds 
tensile  strength,  the  metal  is  all  sheared  when  the  punch  has  passed 
J  through  the  plate.  The  following  formula  by  L.  R.  Pomeroy 
takes  this  into  account  and  also  allows  the  motor  an  efficiency  of 
80  per  cent,  and  the  pimching  machine  75  per  cent. 

When  T  =  Full  thickness  of  plate. 

D  —  Diameter  of  hole  pimched. 

N  =  Number  of  holes  punched  per  minute. 

P  =  Horse-power  required  to  drive  machine. 

rxDXN 

3.78 

Taking  a  J-inch  hole  in  a  J-inch  plate,  the  power  required  to  pimch 
30  per  minute  would  be 

iXi  X  30      3-75        u     *     u 

^— ^  =  ^^-^  or  about  i  horse-power. 

3«7o  S'/o 


Power  Required  to  Remove  Metal 

The  power  required  to  remove  metal  depends  on  the  amount  of 
metal  removed  per  minute  and  the  nature  of  the  cutting  tool.  With 
a  cutting  angle  of  75  to  80  degrees,  tests  show  that  for  mild  steel 
of  40-point  carbon  one  horse-power  will  remove  1.5  cubic  inches  of 
metal  per  minute. 

For  average  conditions  and  with  tooVs  as  ot^vaax^^  >aa»\,  \ss5vs» 
show  that  to  remove  one  cubic  inch  ol  Txie\a\  v^t  tcm^..  x«Q5i»s«5*^^c»R- 
amount  of  power  shown  in  the  table. 
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Brass  and  similar  aXLoys 0.2    to  0.3  H.P. 

Cast  iron 0.3    to  0.5  " 

Wrought  iron )          ^  u 


Mild  steel  (0.30%  to  0.40%  carbon) 

Hard  steel  (0.50%  carbon) i.oo  to  1.25 

Very  hard  tire  steel , 1.50 


Two  important  factors  enter  into  the  problem  of  power  for  driving 
machines.    These  are  the  Time  Factor  and  the  Load  Factor. 

_.       -,    ^  Actual  Cutting  Time 

Tune  Factor  = 


Load  Factor  = 


Total  Time  to  Complete  Operation 

Average  Daily  Load 
Full  Load  Rating  of  Motor 


Many  tests  give  the  following  load  factors: 

The  average  load  factor  for  motors  driving  lathes  is  from  10 
to  25  per  cent.  On  some  special  machines,  as  driving  wheel  and 
car  wheel  lathes,  the  cuts  are  all  heavy,  which  increases  the  average 
load  factor  to  from  30  to  40  per  cent. 

For  extension  boring  mills,  5  horse-power  motors  are  used  to  move 
the  housings  on  from  10  feet  to  16  feet  mills,  7i  horse-power  for 
from  14  feet  to  20  feet  mills  and  10  horse-power  for  from  16  feet  to 
24  feet  mills.  The  load  factor  of  the  driving  motor  on  boring  mills 
averages  from  10  to  25  per  cent. 

The  load  factor  of  motor-driven  drills  is  about  40  per  cent,  when 
the  larger  drills  applicable  thereto  are  used.  If  the  smaller  drills 
are  used  the  load  factor  averages  25  per  cent,  and  lower. 

For  the  average  milling  operations  the  load  factor  averages  from 
10  to  25  p)er  cent.  On  slab  milling  machines  where  large  quantities 
of  metal  are  removed  it  will  average  from  30  to  40  per  cent. 

The  work  on  this  class  of  madbinery  is  usually  light  and  much 
time  is  required  in  making  adjustments.  Hence  the  load  factor  is 
rarely  higher  than  20  per  cent. 

On  planers  the  load  factor  averages  between  15  and  20  per  cent. 
The  motor  must  be  large  enough  to  reverse  the  table  quickly,  yet 
this  peak  load  occiu^  for  such  short  intervals  that  it  does  not  in- 
crease the  average  load  per  cycle  very  much. 

The  work  done  on  shapers  is  of  a  varying  character.  With  light 
work  the  load  factor  will  not  exceed  from  15  to  20  per  cent.;  with 
heavy  work,  the  load  factor  will  be  as  high  as  40  per  cent. 

The  conditions  with  slotters  are  similar  to  those  on  shapers. 


Horse-Power  to  Drive  Machines 

Extensive  experiments  by  L.  R.  Pometoy  ^oti  \)mA.  \5afc  \^ts^ 
power  required  equals  the  Feed  in  inches  pet  mva\i\AX'C>^\5tx  q\ 
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cut  in  inches  X  Cutting  speed  in  feet  per  minute  X  12  X  Number 
of  tools  cutting  X  a  Constant  which  depends  on  the  material.  This 
checks  up  fairly  well  with  actual  motor  tests.  The  constants  given 
are: 

Cast  iron 0.35  to  0.5 

Wrought  iron  or  soft  steel 0.45  to  0.7 

Locomotive  driving  wheel  tires 0.70  to  i.oo 

Very  hard  steel i.oo  to  i.io 

Handling  this  in  another  way,  Charles  Robbins  of  the  Westing- 
house  Electric  &  Manufacturing  Co.  gives:  The  horse-power  ^^ 
Cubic  inches  removed  per  minute  X  a  Constant.  These  constants 
are: 

Brass  and  similar  allo}^ 0.2    to  0.3 

Cast  iron 0.3    to  0.5 

Wrought  iron 0.6 

Mild  steel  (0.30  to  0.40  carbon) 0.6 

Hard  steel  (0.50  carbon) i.oo  to  1.25 

Very  hard  tire  steel 1.50 

These  rq>resent  average  conditions  with  the  cutting  tools  ordinarily 
used.  • 

A  brief  summary  of  the  studies  by  Mr.  Robbins  gives  interesting 
data  on  various  machines.     These  give  factors  as  follows: 


Time 
Factor 

Load 
Factor 

• 

Vertical  borine  machine ,..,.,..,. 

44% 
41 
54 
SO 

55 

27% 

Radial  drillinir  machine 

10 

Portable  milliiic  machine 

ct; 

Portable  slotting  machine 

0  J 
12 

Planers 

L.  R.  Pomeroy  also  gives  a  method  of  determining  the  horse-power 
required  by  the  belt  iised  to  drive  the  machine.    The  formula  is: 

Hp.  =  Thickness  of  belt  in  inches  X  Width  of  belt  in  inches  X 
Diameter  of  pulley  in  inches  X  Revolutions  per  minute  X 
Constant  for  kind  of  belt. 


These  constants  are: 

Leather  belt o.oofei  Xg  <:i«»2^ 

Cotton  belt 0.00-5,^  \o  ojoc*^ 

Rubber  bdt o.ooV^V^^-^**'*' 


STEEL  AND   OTHER   METALS 

HEAT  TREATMENT  OF  STEEL 

The  theory  of  the  heat  treatment  of  steel  rests  upon  the  influence 
of  the  rate  of  cooling  on  certain  molecular  changes  in  structure  occur- 
ring at  different  temperatures  in  the  solid  state.  These  changes  are 
of  two  classes,  critical  and  progressive;  the  former  occur  periodically 
between  certain  narrow  temperature  limits,  while  the  latter  proceed 
gradually  with  the  rise  in  temperature,  each  change  producing  alter- 
ations in  the  physical  characteristics.  By  controlling  the  rate  of 
cooling,  these  changes  can  be  given  a  permanent  set,  and  the  physical 
characteristics  can  thus  be  made  different  from  those  in  the  metal 
in  its  normal  state. 

The  highest  temperature  that  it  is  safe  to  submit  a  st^el  to  for 
heat-treating  is  governed  by  the  chemical  composition  of  the  steel. 
Pure  carbon  steel  should  be  raised  to  about  1650  degrees  Fahr., 
while  some  of  the  high-grade  alloy  steels  may  safely  be  raised  to  1750 
degrees  Fahr.,  and  the  high-speed  steels  may  be  raised  to  just  below 
the  melting  point,  usually  from  2000  to  2150  degrees  Fahr.  It  is 
necessary  to  raise  the  metal  to  these  points  so  that  the  active  cooling 
process  will  have  the  desired  effect  ^f  checking  the  crystallization  of 
the  structure. 

Methods  of  Heating 

Furnaces  using  solid  fuel  such  as  coal,  coke,  charcoal,  etc.,  are  the 
most  numerous  and  have  been  used  the  longest.  These  furnaces 
consist  of  a  grate  to  place  the  fuel  on,  an  arch  to  reflect  the  heat  and 
a  plate  to  put  the  pieces  on.  The  plate  should  be  so  arranged  that 
the  flames  will  hot  strike  the  pieces  to  be  heated,  and  for  that  reason 
some  use  cast-iron  or  clay  retorts  which  are  open  on  the  side  toward 
the  doors  of  the  furnace. 

Liquid  fuel  furnaces,  which  have  open  fires  and  which  use  liquid 
fuels,  are  -not  very  numerous  at  present,  but  their  use  is  increasing, 
owing  to  the  ease  with  which  the  fire  is  handled  and  the  cleanliness 
as  compared  with  a  coal,  coke  or  charcoal  fire. 

Crude  oil  and  kerosene  are  the  fuels  generally  used  in  these  fur- 
naces, owing  to  their  cheapness  and  the  fact  that  they  can  be  easily 
obtained.  These  fuels  are  usually  stored  in  a  tank  near  the  furnaces 
and  are  pumped  to  them  or  flow  by  force  of  gravity. 

Heating  in  Liquids 

Furnaces  using  liquid  for  heating  have  a  receptacle  to  hold  the 

liquid,   which  is  heated  by  coal,  oil,  gas  or  any  other  economical 

means;  the  liquid  is  kept  at  the  highest  temperature  to  which  the 

pi^e  s/iould  be  heated.     The  piece  should  Vie  YveaXed  ^Xov^Vj  *ycn.  ^xv 

prdinary  furnace  to  about  800  degrees,   ailer  yjVvVcYv  Vv  ^\\ow\d  \3fc 

444 
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niersed  in  the  liquid  bath  and  kept  there  long  enough  to  attain  the 
Ibmpcrature  of  the  bath  and  then  removed  to  he  annealed  or  hardened. 

The  bath  usually  runaisls  of  lead,  although  antimony,  cyanate  of 
pcilassium,  chloride  of  barium,  a  mixture  of  chloride  nl  barium  and 
chloride  of  potassium  in  the  proportion  of  3  to  a,  mercury,  commoij 
salt  and  metallic  salts  have  been  successfully  used,  ^M 

This  method  gives  good  results,  as  no  portion  of  the  piece  to  be  ^^ 
treated  can  icach  a  temperature  above  ^lac  of  the  liquid  bath;  a  ^| 
pyrometer  attachment  will  mdicale  exactly  when  the  piece  hu  ^M 
arrived  at  that  temperature,  and  its  surface  cannot  be  acted  upon  ^^ 
chemically.  The  bath  can  be  maintained  easily  at  tbe  proper  teIa^  ^| 
perature  and  the  entire  process  is  under  perfect  control.  ^H 

When  lead  is  used  it  is  liable  lo  slick  lo  the  steel  unless  it  is  pure  ^M 
and  retard  the  cooling  of  the  spots  where  it  adheres.  Impurities,  ^1 
such  as  sulphur,  are  liable  to  be  absorbed  by  the  steel  and  thus  afTect 
its  cbeniica]  composition.  With  high  temperatures  lead  and  cyanate 
of  potassium  throw  oB  poisonous  vapors  which  make  them  prohibitive, 
and  even  at  comparatively  low  temperatures  these  vapors  are  detri- 
mental to  the  health  of  the  workmen  in  the  hardening  room.  The 
metallic  sails,  however,  do  not  give  off  these  poisonous  vapors,  and 
are  much  better  to  use  for  this  purpose,  but  many  times  the  fumes 
are  unbearable. 

Gas  as  Fuel 

Furnaces  using  gaseous  fuel  are  very  numerous  and  are  so  con- 
structed that  they  can  use  either  natural  gas,  artificial  gas,  or  pro- 
ducer gas.  They  are  very  easy  to  regulate  and  if  well  built  are 
capable  of  maintaining  a  constant  tempemture  within  a  wide  runm. 

In  first  cost  this  style  of  furnace  is  greater  than  that  of  the  solid 
fuel  furnaces,  but  where  natural  or  producer  gas  is  used  the  cost  qf 
operating  is  so  much  less  that  the  saving  soon  pays  for  the  cost  cS 
installation.  Illuminating  gas,  however,  is  more  CHpensive  than  the 
solid  fuels  and  is  only  used  where  high-grade  work  demands  the  best 
results  from  heat  treatment. 

COOLIHG  THE  STEEL 

CooLiNt;  apparatus  is  divided  into  two  classes^  baths  for  hard- 
ening and  the  different  appliances  for  annealing. 

The  baths  tor  quenching  are  composed  of  a  large  variety  of  ma- 
terials. Some  of  the  more  commonly  used  are  as  follows,  being 
arranged  according  lo  Iheir  intensity  on  0.85  per  cent,  carbon  steel: 
Mercury;  vrater  with  sulphuric  acid  added;  nitrate  of  potassium;  s&l 
ammoniac;  common  salt;  carbonate  of  lime;  carbonale  of  magnesia; 
pure  water;  water  containing  soap,  sugar,  dextrine  or  alcohol;  sweet 
milk;  various  oils;  beef  suet;  tallow;  wax.  These  baths,  however, 
do  not  act  under  all  conditions  with  the  same  relative  intensity,  as 
Iheir  conductivity  and  viscosity  vary  greatly  with  the  temperature. 

With  the  e.iception  of  the  oils  and  BomecSft\e¥,''eMes.,'ODKc(a-— -■^- 
"-  '   ■  ■  eratute  o(.  tiic  \m'    "         ~ 

1  tempetalurGfc  \ 
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The  balhs  for  hardening  which  give  the  best  results  are  those  In 
which  some  means  are  provided  for  keeping  the  liquid  at  an  even 
temperalQre.  Where  but  few  pieces  are  lo  be  quenched,  or  a  con- 
siderable time  elapses  between  the  quenching  of  pieces,  the  bath  will 
relain  an  atmospheric  temperature  from  its  own  natural  radiation. 
Where  a  balh  is  in  continuous  use,  for  quenching  a  large  numlier  of 
pieces  throughout  the  day,  some  means  must  tie  provided  to  keep  the 
temperature  uf  the  bath  at  a  low  even  temperature.  The  hot  pieces 
from  the  heating  furnace  will  raise  the  temperature  of  the  bath  many 
d^rees,  and  the  last  piece  quenched  will  not  be  nearly  as  hard  as  tlw- 
firel. 

AnneaHng 
s  for  annealing 


ha 


^, 


steel,  to-day  many  special  preparati 
sold  for  this  purpose. 

The  more  common  materials  used  for  annealing  are  powdered 
charcoal,  charred  bone,  charred  leather,  slaclted  lime,  sawdtist, 
sand,  fire  clay,  magnesia  or  refractory  earth.  The  piece  lo  be 
annealed  is  usually  packed  in  a  casl-iron  box,  using  some  of  these 
materials  or  combinations  of  them  for  the  pocking,  the  whole  is  then 
heated  in  a  furnace  to  the  proper  temperature  and  set  aside,  with 
the  cover  left  on,  to  cool  gradually  to  the  atmospheric  temperature. 

For  certain  grades  of  steel  these  materials  give  good  results;  but 
for  all  kinds  of  steels  and  for  all  grades  of  annealing  the  slow-cooling 
furnace  no  doubt  gives  the  best  satisfaction,  as  the  lemperaturE  can 
be  easily  mised  to  the  right  point,  kept  there  as  long  as  necessa(j%. 
and  then  rt^lated  to  cool  down  as  slowly  as  is  desired.  The  gtvt^ 
oil  or  electric  furnaces  are  the  easiest  to  handle  and  regulate. 

The  Hardening  Bath 

In  hardening  steels  the  influence  of  the  balh  depends  upon  its 
temperature,  its  mass  and  its  nature;  or  to  express  this  in  another 
way,  upon  its  specific  heat,  its  conductivity,  its  volatility  and  its 
viscosity.  With  other  things  equal,  the  lower  the  temperature  of 
the  bath,  the  quicker  will  the  metal  cool  and  the  more  pronounced 
will  be  the  hardening  effect.  Thus  water  at  6q  degrees  will  make 
steel  harder  than  water  at  150  degrees,  and  when  the  bath  is  in  con- 
stant use  the  first  piece  quenched  will  be  harder  than  the  tenth  or 
twentieth,  owing  to  the  rise  in  temperature  of  the  balh.  Therefore  if 
uniform  results  are  to  be  obtained  in  using  a  water  bath,  it  must 
either  be  of  a  very  large  volume  or  kept  cool  by  some  mechanical 
means.     In  other  words,  (he  bath  must  be  maintained  at  a  constant 

The  mass  of  the  bath  can  be  made  large  so  no  great  rise  in  tem- 
/wra/o/ejsmadeby  the  continuous  cooling  of  pieces,  or  it  can  be  made 
saia//  and  i(s  r/se  in  temperature  used  tor  haTdening  tools  that  are  to 
^•^aln  fairly  soft,  as,  if  thU  temperature  is  propeiX-i  te»iWei, -iiit 
lave  to  be  re-heated  and  tempered  Wei,  anAcTaE\a.W 
t  aa  (iabJe  to  occur.  fl 


i 


HEATTXG  AND  TEMPERING  447 

Anodier  vmy  of  anmns  at  the  sune  results  would  be  to  use  the 
doidiie  bath  ior  qamdnng,  tint  is»  to  hoive  one  bath  o(  some  product 
sonflar  to  salt  which  fuses  at  575  degrees  Fahr.  Quench  the  piece 
m  thu  unti  it  has  readied  its  temperature,  after  whkh  it  oan  be 
qumdwd  in  a  cold  bath  or  cooled  in  the  air. 

BATH  FOR  DRAWING  TEMPER 

A  VERY  good  table  £rom  which  to  make  up  baths  for  drawing  the 
temper  is  as  follows: 

Coapasition  of  Bath      MekiDS  Pbint  m  Color  of  St««l  at 

Lead  and  Tin  depee  F  Tempetature  Ghrea 

14  8 420 very  faint  yellow 

15  8 450 faint  ydlow 

16  8 440 light  straw 

17  8 450 straw 

18.5 8 460 full  straw 

20  8 470 dark  straw 

24  8 480 old  gold 

28  8 490 brown 

38    8 510 brown  with  purple  spots 

60    8 530 purple 

g6    8 350 deep  purple 

200    8 560 blue 

Boiling  linseed  oil 600 dark  blue 

Melted  lead 610 gray  blue 

Tliese  are  used  in  a  similar  manner  to  the  hardening  baths,  select- 
ing the  bath  which  gives  the  proper  drawing  temperature. 

HIGH-SPEED  STEELS 

These  steels  are  made  by  alloying  tungsten  and  chromium  or 
molybdenum  and  chromium  with  steel.  These  compositions  com- 
pletely revolutionize  the  points  of  transformation.  Chromium,  which 
has  a  tendency  to  raise  the  critical  temperature,  when  added  to  a 
tungsten  steel,  in  the  proportions  of  i  or  2  per  cent.,  reduces  the 
critical  temperature  to  below  that  of  the  atmosphere.  Tungsten 
and  molybdenum  prolong  the  critical  range  of  temperatures  of  the 
steel  on  slow  cooling  so  that  it  begins  at  alK)ut  1300  degrees  Fahn 
and  spreads  out  all  the  way  down  to  600  degrees. 

These  steels  are  heated  to  1850  degrees  f(^  the  molybdenum  and 
2200  degrees  for  the  tungsten,  and  cooled  moderately  fast,  usually  in 
and  air  blast,  to  give  them  the  property  known  as  '^  reel-hardness." 
This  treatment  prevents  the  critiod  changes  altogether  and  pro- 
serves  the  steel  in  what  is  known  as  the  austenitic  condition,  fhe 
austenitic  condition  is  one  of  hardness  and  toughness. 

One  rule  which  has  given  good  results  in  heat-treating  these  hiicH- 
speed  steels  is  to  heat  slowly  to  1500  de|g[e«&  V«JKvT.j>ip«sw\NR»x.^»!^ 
to  2200  degrees;  after  which  cool  rapidiv  '^^  ^""^  '^^'^  \^»»X.  v>^  ^/*S^ 
degrees;  then  cool  either  rapidly  or  ^ovr\y  lo  Oafc  \»sftV='^^V>»^  *^  ^^ 
air.    Others  advocate  cooling  in  crude  cu. 
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■  CASE-HAKDENIWG  ^^ 

Case-hardenino,  carbonizing,  or.  as  it  is  called  in  Europe,  "cemen- 
talioD,"  is  largely  used  so  that  the  outer  shell  can  be  made  hard  enough 
to  resist  wear  and  Ihe  core  of  the  piece  can  be  left  soft  enough  to  with- 
stand the  shock  strains  to  which  it  is  subjected. 

Several  methods  different  from  the  old  established  one  of  packing 
the  metal  in  a  box  filled  with  some  carbonizing  material,  and  tlien 
subjecting  it  to  heat,  liave  been  devised  in  the  last  few  years.  Among 
them  migiit  be  mentioned  the  Harveyizing  process  which  is  especially 
applicable  to  annor  plate.  The  Harveyizing  process  uses  a  bed  of 
charcoal  over  the  work.  Che  plates  being  pressed  up  against  it  in  a  pit 
or  fiimace  and  gas  turned  on  so  tliat  the  steel  will  be  heated  through 
the  charcoal,  thus  allowing  the  carbon  tu  soak  in  from  the  top. 

The  result  of  the  carbonizing  operation  is  determined  by  five 
factors,  which  are  as  follows:  First,  the  nature  of  the  steel;  second, 
the  nature  of  the  carbonizing  material;  third,  the  temperature  of  the 
carbonizing  furnace;  fourth,  the  time  ^le  piece  is  submitted  to  the  cat- 
bonizing  process;  fifth,  the  heat  treatment  which  follows  carbonizing. 

The  nature  of  the  steel  has  no  influence  on  the  speed  of  penetra- 
tion of  the  carbon,  but  has  an  influence  on  the  final  result  of  the 
operation. 

If  steel  is  used  that  has  a  carbon  content  up  to  0.56  per  cent.,  the 
rate  of  penetration  in  carbonizing  is  constant;  but  the  higher  the 
carbon  content  is,  in  the  ojre,  the  more  brittle  it  becomes  by  pro- 
longed annealing  after  carlx)nbing.  Therefore  it  is  necessary  that 
the  carbon  content  should  be  low  in  the  core,  and  for  this  reason  a 
preference  is  given  to  steels  containing  from  o.iz  to  0.15  per  cent. 
^n^tf  carbon  for  carboniung  or  case-hardening  purposes.  |H 

^^B         Table  i.  —  Peneteation  of  Caebon  per  Hour  with        ^H 
^B  DuTEBENT  Alloys  SpcedotPa.^ 

■  Cwnpontnt  or  Alloys  Hr^raTocKs 

0.5  per  cent,  manganese o.a*3 

1.0  per  cent,  manganese 0.047 

1.0  per  cent,  chromium   0.039 

j.o  per  cent,  chromium   0.043 

i.a  per  cent,  nickel o.oaS 

S.o  per  cent,  nickel 0.010 

o.s  per  cent,  tungsten 0.035 

1.0  per  cent,  tungsten 0.036 

2,0  per  cent,  tungsten    0.047 

0.5  per  cent,  silicrai 0.034 

i.o  per  cent,  silicon  , o.oio 

2.0  per  cent,  sflicon 0.016 

S-O  per  cent,  silicon  ,  , , 0.000 

1.0  per  cent,  titanium    0.032 


m 


'per  cent,  molybdenum 0,036 

per  cent,  molybdenum aJl^i 

'^'^cent.  aliinunum o.Qid 

ceac.  aluminum ois*. 
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The  rate  of  penetration  for  ordinary  carbonizing  steel  under  the 
same  conditions  would  have  been  0.035  inch-  Thus  it  will  be  se^i 
that  manganese,  chromiiun,  tungsten  and  molybdenimi  increase 
the  rate  of  i)enetration.  These  seem  to  exist  in  the  state  of  a  double 
carbide  and  release  a  part  of  the  cementite  iron. 

Nickel,  silicon,  titanium  and  almninum  retard  the  rate  of  penetra- 
tion —  5  per  cent,  of  silicon  reducing  it  to  zero  —  and  these  exist  in 
the  state  of  solution  in  the  iron. 

The  Carbonizing  Materials 

The  nature  of  the  carbonizing  materials  has  an  influence  on  the 
speed  of  penetration  and  it  is  very  essential  that  the  materials  be  of 
a  known  chemical  composition  as  this  is  the  only  way  to  obtain  like 
results  on  the  same  steel  at  all  times. 

These  materials  or  cements  are  manufactured  in  many  special 
and  patented  preparations.  The  following  materials  are  used  and 
compounded  in  these  preparations,  but  many  of  them  give  as  good 
results  when  used  alone  as  when  compounded  with  others  in  varying 
percentages:  Powdered  bone;  wood  charcoal;  charred  sugar;  charred 
leather;  cyanide  of  potassium;  ferro-cyanide  of  potassium;  bichro- 
mate of  potassium;  animal  black,  acid  cleaned.  Prussiate  of  potash, 
anthracite,  mixture  of  bariimi  carbonate,  graphite,  petroleum  gas, 
acetylene,  horn,  etc. 

Wood  charcoal  is  very  largely  used  in  carbonizing  steels,  but  the 
value  of  this  material  varies  with  the  wood  used,  the  method  em- 
ployed in  making  the  charcoal,  and  other  factors.  Used  alone  it 
gives  the  normal  rate  of  penetration  for  the  first  hour,  but  after  that 
the  rate  gradually  decreases  imtil  at  eight  hours  it  gives  the  lowest 
rate  of  penetration  of  any  of  the  carbom'zing  materials.  The  best 
wood  charcoal  is  that  made  from  hickory. 

Powdered  charcoal  and  bone  give  good  results  as  a  carbonizing 
material  and  are  successfully  used  in  carbonizing  nickel-chrome  steel 
by  packing  in  a  cast-iron  pot  and  keeping  at  a  temperature  of  about 
2000  degrees  Fahr.  for  four  hours,  and  then  cooling  slowly  before 
taking  out  of  the  pot  or  uncovering. 

Table  2 


Materials  Used  and  Rate 

OF  Penetration  in  Inches 

Temperature 
in  Degrees 
Fahrenheit 

Charcoal  60  per 
cent.  +  40  per 
cent,  of  Carbon- 
ate of  Borium 

Ferro-cyanide  66 

per  cent.  +  34 

per  cent,  of 

Bichromate 

Ferro-cyanide 
Alone- 

Powdered  Wood 
Charcoal  Alone 

1300 

1475 
1650 

1825 

2000 

•    •    ■    • 

0.020 
0.088 
0.128 
0.177 

•    •    •    • 

0.033 
0.069 
o.ii28 
0.177 

•    •    •    • 

O.02O; 
0.079 
0.128; 
o.iqS. 

0.020 
0.048 
0.098 

The  speed  of  penetration  caused  by  tVve  acWoxv  o\  ^\^etecv\.  ^^^^;^, 
at  different  temperatures  for  the  same  time,  i.e.,  ev^^-^^^^^^^'^ 
shown  by  Table  2. 
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The  nature  of  the  carbonizmg  matmal  has  a  very  pronounced 
effect  on  the  rate  of  carbonization,  or  the  percentage  of  the  carbon 
content  in  the  surface  layer  of  the  piece,  or  both. 

Another  Test  of  Penetratioii 

At  the  same  temperature,  i,e.j  1825  degrees  Fahr.,  for  different 
lengths  of  time  and  with  different  cements,  the  rate  of  penetration 
obtained  was  according  to  Table  3. 

Eighty  per  cent,  charcoal  +  20  per  cent,  carbonate  of  barium, 
40  per  cent,  charcoal  +  60  per  cent,  carbonate  of  barium,  ferro- 
cyanide  alone  and  66  per  cent,  ferro-cyanide  +  34  per  cent,  bichro- 
mate were  used  with  practically  the  same  results  for  eight  hours'  time. 

Table  3 


Matkbials  Used  and  Rate  of  Penetration  in  Inches 

Length  of 

Time  in 

Hours 

Carbon  60 

per  cent.  +  ao 

per  cent,  ot 

CarlxMiate 

Ferro-cyan- 
ide 66  per 

cent. +  34 
per  cent,  of 
Bichromate 

Powdered 
Wood 

Charcoal 
Alone 

Charcoal  and 
Carbonate 

of 
Potassium 

Unwashed 

Animal 

Black 

I 
2 

4 
6 

8 

0.031 
0.039 

0.047 
0.078 

O.I18 

0.033 
0.037 
0.049 
0.074 
0.128 

0.028 

0.053 
0.063 

0.072 

0.098 

0.059 
0.078 
0.094 
O.OII 

0.138 

0.035 
0.059 

0.088 

0.106 

0.128 

Another  set  of  tests  was  carried  out  for  a  longer  period  of  time, 
with  other  materials  and  at  a  imiform  temperature  of  1650  degrees 
Fahr.,  with  the  results  given  in  Table  4. 


Table  4 


Len^h  of  Time 
in  Hours 


4 
8 

12 


Materials  Used  and  Rate  of  Penetration  in  Inches 


Charred 
Leather 


0.045 

0.062 

0.080 

O.I  10 


Ground  Wood 
Charcoal 


0.028 
0.042 
0.062 
.0.070 


Barium  Carbonate 
and  Wood  Chiarcoal 


0.055 
0.087 
o,\\\ 
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In  the  use  of  hydrocarbons,  or  gases,  a  fresh  siq>ply  can  be  kept 
flowing  mto  the  carbonizing  receptacle  and  the  time  greatly  reduced 
for  deep  penetration  with  an  appreciable  reduction  of  time  for  the 
shallow  penetrations. 

The  constitution  of  a  given  steel  is  not  the  same  in  the  hardened 
as  in  the  normal  state,  owing  to  the  carbon  not  being  in  the  same 
state.  In  the  annealed  or  normal  steel  it  is  in  a  free  state,  whfle  in  a 
hardened  steel  it  is  in  a  state  of  solution  which  we  may  call  marten- 
site;  and  Uiis  contains  more  or  less  carbon  according  to  the  original 
carbon  content  of  the  steel.  The  composition,  and  therefore  the 
mechanical  properties,  depend  principally  upon  the  carbon  content, 
the  mechanical  properties  being  changed  slowly  and  gradually  by  an 
increase  in  carbon. 

This  is  best  shown  by  Table  5  in  which  it  will  be  seen  that  the 
tensile  strength  and  elastic  limit  gradually  increased  with  the  increase 
in  the  percentage  of  carbon,  both  in  the  annealed  and  hardened  state 


Table  5. 


Effect  of  Composition  and  Hardening  on  the 
Strength 


Very 
Carbon 


Carbon  . . . 
Silicon  . . . 
Manganese 
Phosphorus 
Sulphur   . . 


Case 
Harden- 
ing   Steel 

Very 

Low 

Carbon 

Low 
Carbon 

Medium 
Carbon 

High 
Carbon 

O.IO 

0.14 

0.23 

0.52 

0.60 

0.09 

0.05 

0.15 

0.18 

O.IO 

0.19 

0-33 

0.4s 

0.3s 

0.40 

0.016 

0.023 

0.091 

0.021 

003s 

0.025 

0.052 

0.062 

0.043 

0.025 

0.72 
0.17 

0.38 

0.03 

0.06 


mechanical  properties  when  annealed 


Tensile  Strength  (in 
pounds  per  square 
inch) 

Elastic  Limit  (in 
pounds  per  square 
inch) 

Elongation  (percent- 
age in  4  inches) . . . 


60,300 

61,500 

66,500 

97,800 

116,400 

36,300 

35,200 

41,200 

52,600 

66,500 

29 

27 

26 

20 

14 

130,700 


75,800 


mechanical  properties  when  hardened 


Tensile  Strength  (in 

pounds  per  square 

inch) 

Elastic     Limit     (in 

pounds  per  square 

inch) 

Elongation  (percent-. 

age  in  4  inches) .  .  .  /         24 


66,400 


40,300 


180,100 
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while  Ihe  elongation  gradualiy  decreased.  These  tests  were  made 
with  bar  )  inch  in  diameter  and  4  inches  in  length,  [t  will  also  be 
seen  that  there  was  considerable  change  in  the  steels  which  were  too 
low  in  carbon  to  be  made  so  hard  that  they  could  not  be  filed.  The 
reduction  in  elongation  when  the  test  bars  iiere  heated  and  quenched 
show  that  the  metal  was  harder  than  when  in  the  annealed  state. 


Selecting  the  Proper  Temperature  for  Quenching 

A  hardening  process  that  will  produce  a  steel  that  is  as  homo- 
geneous as  possible  Is  alwaj^  sought  for  in  practice.  This  is  eaaty 
obtained  in  a  high-carbon  steel  and  especially  if  it  contains  o.Sj  pet 
cCnL  carbon,  by  passing  the  recaleacent  point  before  quencfamg. 
The  desired  homogeneity  is  not  so  eaaly  obtained,  howevefj  in  th^ 
bw-carbon  steels  as  Ihey  have  several  points  of  transformation.  If 
these  are  quenched  at  a  point  a  little  above  the  lowest  point  of  trans- 
formation  the  carbon  will  pass  into  solution,  but  the  solution  is  not  | 
homogeneous.  To  obtain  this  result  it  is  necessary  that  the  quench- 
ing be  done  from  a  titde  above  the  highest  point  of  transformation. 
This  is  higher  in  the  low-  than  In  the  high-carbon  steels.  In  practice 
tk's  calls  tor  a  quenching  of  the  low-carbon  steels  as  about  1650 
d^rees  Fahr.,  while  a  high-carbon  steel  should  be  quenched  at  about 
1450  degrees. 

Testing  pyrometers 

Pyrometers  can  be  tested  by  placing  some  common  salt  in  an 
iron  box  and  heating  until  it  melts.  Put  the  pvrometer  in  the  molloi 
salt  and,  it  correct,  it  will  register  1441  degrees  Fahr. 

A  Table  of  Fahrenheit  and  Centigrade  thermometer  scales  is  given 


Test  of  Hardness 

The  hardness  of  metals,  particularly  of  steels  which  are  heat 
treated,  is  now  tested  with  either  the  Shore  Scleroscope  or  the  Brin- 
nell  Ball  method. 

THE  BRfflireu.  TEST 

The  BrirmEil  method  of  testing  consists  of  forcing  a  hardened  steel 
ball  of  given  dim(;nsion  into  the  metal  to  be  tested  under  a  given 
pressure.    The  diameter  of  the  impression  made  is  read  with  a  gradu- 
ated microscope  and  the  hardness  found  by  consulting  the  tabic 
below.    In  this  the  ball  is  to  millimeters  in  diameter.     If,  witli  a 
pressure  of  3000  kilograms  as  indicated  by  the  testing  machine,  the 
diameter  of  the  depression  is  3  milliineters,  the  hardness  number    is 
-rS.     Dividing  Ibia  by  6  gives  practically  70,  as  shown  under  the 
gttf  column.     According  to   this   table,  a  sesame  of  only 
^^^goM  nill  give  a  direct  reading  wWdv  \a  abou*.  liie 
^^^RJeroscope.     Tiie  standard  pressure  bowcvev  \a  ji 
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SCLEROSCOPE  READING 

In  the  Shore  Scleroscope,  a  mmiature  drop  hammer  tup  falls  from 
a  fixed  height  to  the  surface  of  the  metal  being  tested.  The  height 
of  the  reboimd  indicates  the  hardness  on  an  arbitrary  scale  which 
has  115  divisions,  these  meeting  all  usual  requirements.  This 
method  can  be  applied  to  any  material  which  will  take  a  permanent 
set  imder  impact.  For,  ho  matter  how  hard  the  material,  the  falling 
weight,  weighing  about  40  grains,  makes  a  dent  which  can  be  seen 
with  a  glass. 

The  fc^owing  table  shows  the  readings  which  will  be  obtained  on 
the  Scleroscope  for  the  materials  indicated,  this  giving  the  compara- 
tive hardness  of  the  materials. 


ScLESOSCOPE  Hakdness  Scale 


Metal 


Lead  —  cast 

Babbitt 

Gold  

Silver 

Brass  —  cast 

Pure  Tin  —  cast 

Brass  —  drawn 

Bismuth  —  cast 

Platinimi 

Copper  —  cast 

Zinc  —  cast 

Iron  —  pure 

Mild  steel,  0.15  carbon 

Nickel  Anode  —  cast 

Iron,  gray  —  cast 

Iron,  gray  —  chilled 

Steel,  tool,  1%  carbon 

Steel,  tool,  1.65%  carbon  . . . 

Vanadium  steel 

Chrome  —  Nickel 

Chrome  —  Nickel,  hardened 
Steel,  high  speed,  hardened  . 
Steel,  carbon,  tool,  hardened 


Annealed 

Hammered 

2-  5 

3-  7 

4-  9 

5, 

84 

6i 

20-  30 

7-35 

8 

12 

10-15 

20-  45 

9 

10 

17 

6 

14-  20 

8 

20 

18 

25-  30 

22 

30-  45 

31 

55 

30-45 

( 

50-  90 

30-35 

40-  50 

35-40 

35-45 

47 

60-  95 

70-105 

90-110 

Note.  —  These  figures  vary  with  the  composition  and  density 
of  the  metaih.     They  are  about  \  those  of  the  Brinnell  test  for  equal 
hardness,  varying  somewhat  with  the  kind  ol  met^l. 
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Fahrenheit  and  Centigrade  Thermometer  Scales 


F 

C 

F 

C 

F 

C 

F 

c 

F 

C 

-40 

—  40. 

70 

21. 1 

i8s 

85. 

950 

510. 

2100 

1 149. 

-35 

-  37.2 

75 

239 

190 

87.8 

1000 

537.8 

2150 

1176.5 

-30 

-34.4 

80 

26.7 

195 

90.6 

1050 

565.5 

2200 

1204. 

-  25 

31-7 

«5 

29.4 

200 

93-3 

1 100 

593. 

2250 

1232. 

—  20 

-  28.9 

90 

32.2 

205 

96.1 

1 150 

621. 

2300 

1260. 

-  IS 

—  26.1 

95 

35- 

210 

98.9 

1200 

648.5 

2350 

1287.5 

—  10 

-  23.3 

100 

37.« 

212 

100. 

1250 

676.S 

2400 

1315.S 

-  5 

—  20.6 

105 

40.6 

215 

101.7 

1300 

704. 

2450 

1343. 

0 

-  17.8 

no 

43.3 

225 

107.2 

1350 

732. 

2500 

1371. 

+  s 

-  IS- 

115 

46.1 

250 

121. 2 

1400 

760. 

2550 

1399. 

10 

—  12.2 

120 

48.9 

300 

148.9 

1450 

788. 

2600 

1426.5 

IS 

-  9.4 

125 

51.7 

350 

176.7 

1500 

816. 

2650 

1455. 

20 

-  6.7 

130 

54.4 

400 

204.4 

1550 

844. 

2700 

1483. 

25 

-  3-9 

13s 

57.2 

450 

232.2 

1600 

872. 

2750 

1510. 

30 

—  I.I 

140 

60. 

500 

260. 

1650 

899, 

2800 

1537.5 

32 

0 

145 

62.8 

550 

287.8 

1700 

926. 

2850 

1565. 

35 

+  1.7 

150 

65.6 

600 

315.6 

1750 

954. 

2900 

1593. 

40 

4.4 

155 

68.3 

650 

343.3 

i3oo 

982. 

2950 

1621. 

45 

7.2 

160 

71.1 

700 

371. 1 

1850 

lOIO. 

3000 

1648.5 

^0 

10. 

165 

73-9 

750 

398.9 

1900 

1038. 

3050 

1676. 

55 

12.8 

170 

76.7 

800 

426.7 

1950 

1065.5 

3100 

1705. 

60 

iS-6 

175 

79.4 

850 

454.4 

2000 

1093. 

3150 

1732. 

65 

18.3 

180 

82.2 

900 

482.2 

2050 

1121. 

3200 

1760. 

To  convert  Fahrenheit  into  Centigrade:  Subtract  32  from  Fahren- 
heit, divide  remainder  by  9  and  multiply  by  5. 
Example:  212  Fahr. 

32 
-^     180  -f-  9  =  20.     20  X  5  =  loo. 

loO 

Ans.     212  Fahr.  =  100  Cent. 

Centigrade  to  Fahrenheit:  Divide  by  5,  multiply  by  9  and  add  32. 
Example:     260   Cent.  -7-5  =  5  2.    52X9  =  468  -h  32  ^  500  Fahr. 

Ans.     260  Cent.  =  500  Fahr. 

Alloys  for  Coinage 


Gold  coin 


Silver  coin 


Gold 


91.66 
90.0 
1-33 

40.3s 
o.i 


Copper 


8.33 

lO.O 

82.73 

19.63 
7.1 

75 


Silver 


iS.93 

40.02 
92.05 

92.S 


Other 
Constitu- 
ents 


Remarks 


British  standard. 

"  Latin  Union  ".and  American. 

Roman.    Septimus    Severus, 

26s  A.D. 
Early  BtvV.\sJtv^.C>.  v^. 
Lead  0.2  X^om^Yv^.e.  y-,  v^m^x.  'sasas. 
as  ^fWv^  s^-s^t  os«v. 
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Composition  OF  Bronzes  (Navy  Department) 

White  Metal:  parts 

Tin    7-6 

Copper  2.3 

Zinc 83.3 

Antimony 3.8 

Lead   3.0 

Hard  Bronze  for  Piston  Rings: 

Tin    22.0 

Copper 78.0 

Bearings  —  Wearing  Surfaces,  etc.: 

Copper   6 

Tin    I 

Zinc i 

Naval  Brass: 

Copper  62.0 

Tin •. i.o 

Zinc 37.0 

Bra^g  Metal: 

Copper 85.0 

Zinc 15.0 

Antifriction  Metal: 

Copper  —  (best  refined) 3.7 

Banca  tin 88.8 

Regulus  of  antimony   7.5 

Well  fluxed  with  borax  and  rosin  in  mixing. 

Bearing  Metal  —  (Pennsylvania  Railroad): 

Copper   77.0 

Tin    8.0 

Lead  15.0 

Bearing  Metal 

In  the  Journal  of  the  Franklin  Institute  G.  H.  Clamer  states  that 
1.3  parts  antimony  and  87  parts  lead  make  an  excellent  bearing 
metal,  these  being  exactly  the  proportions  which  give  a  homogeneous 
structure.     For  heavier  duty  tin  should  be  added. 

Bismuth  Alloys  (Fusible  Metals) 


Bismuth 

Lead 

Tin 

Caxlmium 

Melting 
Point 

c** 

Newton's  alloys  . . . 

50.0 

31.25 

18.75 

95 

Rose's          "      ... 

50.0 

28.10 

24.64 

100 

Darcet's       *'      .... 

50.0 

25.00 

25.00 

93 

Wood's         '*      ... 

50.0 

24.00 

\     1^.00 

\     12.00 

\  ^M^ 

jpowitz's    "      .  .  . 

50-0 

27.00 

\     13.00 

\      "lO.OO 

\     eio 

BRASS  AND  OTHER  ALLOYS 


Babbitt    

R 

Bell  metal  .... 

74-a 

Brass    

b■^-^: 

Britannia 

1.4" 

Bronze 

Ko-w 

r>o 

Gun  metal 

K<^«f 

Muntz  metal  . . 

tv>-6j 

PackEong 

*1.8 

Shot  metal  . , . , 

Speculum 

70.24 

Type  metal,-,. 

2.0 

White  metal   .. 

6. 

Very  hard. 
"Big  Ben," 

Westminster. 
Typical  brass. 

Birmingham 

sheet. 
British  coinage. 
Heavy  bearings. 
Nickel  va  '■ 
Cannons. 

Ship  sheathing; 
Chinese  alloy. 
Trace  of  arseni 
Telescope    mi 


^ 
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Brass  Allojrs 

Strictly,  a  brass  is  a  copper-zinc  alloy  containbg  one-third 
and  two-thirds  copper;  whereas  a  bronze  is  a  copper-tjn  alloy  con- 
taining approximat^y  ro  per  cent,  tin  and  go  per  cent,  copper.  The 
old-style  gun  metal  contained  from  90  to  92  per  cent,  copper  and 
from  8  to  10  per  cent.  tin.  Lead  is  trequently  added  to  both  these 
classes  of  alloy  to  make  them  machine  more  easily,  and  both  tin  and 
zinc  are  commonly  used  in  the  same  alloy,  so  that  today  we  have  a 
series  of  copper-tin-zinc  alloys  of  almost  infinite  variety.  In  all  cases 
in  the  useful  alloys  of  this  dass,  however,  there  is  present  more  than 
SO  pier  cent,  copper. 

In  moat  of  the  modem  alloys  tin  is  depended  upon  to  give  strength 
and  zinc  to  cheapen  the  mixture.  Some  of  the  old-style  gun  metais 
contained  as  much  as  16  per  cent,  tin  and  84  per  cent,  copper,  but 
such  metals  were  brittle  and  hard.  The  common  yellow  brass 
employed  by  plumbers  in  making  ordinary  valves  and  fittings  may 
be  considered  as  composed  of  approximately  16  pounds  copper,  8 
poimds  zinc,  and  J  poimd  lead.  It  will  be  noticed  that  this  consists 
of  approximately  one-third  zinc  and  two-thirds  copper,  with  a  little 
lead  added  to  improve  the  machining  qualities.  For  the  making  of 
high-grade  casting  ingots  or  new  metal  should  be  used  in  all  cases. 
In  making  a  brass  the  copper  should  be  melted  first  and  the  zinc 
added,  care  bemg  taken  not  to  let  the  temperature  rise  too  high,  for 
if  it  docs  the  zinc  will  ignite  and  bum.  Tfee  \caA  'w.  ■^isai.Vi.-a'i.  -mA. 
the  metal  tiioroughly  stirred. 
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Properties  of  Metals 


Metal 


Aluminum  . . 
Antimony   . . 

Bismuth 

Brass,  cast  . . 

Bronze  

Chromium  . . 

Cobalt  

Copper 

Gold 

Iridiiun    

Iron,  cast  . . . 
Iron,  wrought 

Lead 

Manganese   . 
Mercury    . . . 

Nickel    

Platinum  . . . 

Silver 

Steel  —  cast 
Steel  —  rolled 

Tin 

Tungsten 

Vanadium ... 
Zinc   , 


Melting 

Wt.  per 

Wt.  per 
Cu.  Ft. 

Tensile 

Specific 

Point 

Cu.  In. 

Strength 

Gravity 

1217 

.0924 

159.63 

20,000 

2.56 

I166 

.2424 

418.86 

6.71 

518 

.354 

611.76 

9.83 

1692 

.3029 

523.2 

24,000 

8.393 

1692 

.319 

550. 

36,000 

8.83 

2750 

.2457 

429.49 

6.8 

2714 

.307 

530.6 

8.5 

1981 

.322 

556. 

36,000 

8.9 

1945 

.6979 

1206.05 

20,000 

19.32 

4172 

.8099 

1400. 

22.42 

2700 

.26 

450- 

16,500 

7.21 

2920 

.278 

480.13 

50,000 

7.7 

621 

.41 

710. 

3,000 

"•37 

2237 

.289 

499.4 

8. 

-36 

.4909 

848.35 

13-59 

2646 

.3179 

549.34 

8.8 

3191 

.7769 

1342.13 

21.5 

1 761 

.3805 

65733 

40,000 

10.53 

2450 

.28 

481.2 

50,000 

7.81 

2600 

•2833 

489.6 

65,000 

7.854 

449 

.2634 

455.08 

4,600 

7.29 

5430 

.69 

I192.31 

19.10 

3146 

.1987 

343.34 

550 

786 

.245 

430. 

7,500 

6.86 

Chemical 
Symbol 


Al. 
Sb. 
Bi. 


Cr. 

Co. 

Cu. 

Au. 

Ir. 

Fe. 

Fe. 

Pb. 

Mn. 

Hg. 

Ni. 

Pt. 

Ag. 


Sn. 
W. 
V. 
Zn. 


Shrinkage  of  Castings 

Aluminimi  —  pure 2031  inch  per  foot 

Nickel  Alloy 1875    " 

"         Spedal  Alloy 1718    " 

Iron,  Small  Cylinders 0625    " 

"     Pipes   125      " 

"     Girders  and  Beams   100      " 

"     Large  Cylinders,  Contraction  of  Diameter 

^t  Top 0625    " 

"     Large  Cylinders,  Contraction  of  Diameter 

at  Bottom 083      " 

"     Large  Cylinders,  Contraction  of  Length . . .     .094      " 

Brass  — Thin 167      " 

''     Thick 150      " 

r 1875    " 

b T^(i^   " 

2>^n    " 

i^n    " 


IC 
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Aluminum 

Can  be  melted  in  ordinary  plumbago  crucibles  the  same  as  brass 
and  will  not  absorb  silicon  or  carbon  to  injure  it  imless  overheated. 
Melts  at  1 21 7  degrees  Fahr.  or  625  Cent.  Becomes  granular  and 
easily  broken  at  about  1000  Fahr. 

Shrinkage  of  pure  aluminum 2031"  per  foot 

Nickel  Aluminiun  Casting  Alloy 1875"   "      " 

Special  Casting  Alloy 1718'   "     " 

The  most  used  alloys  have  a  strength  of  about  20,000  pounds  to 
square  inch  at  a  weight  of  one  third  that  of  brass. 

Iron  or  sand  molds  can  be  used  and  should  be  poured  as  cool  as 
it  will  run  to  avoid  blowholes,    j 

Burnishing.  —  Use  a  bloodstone  or  steel  burnisher,  with  mixture 
of  melted  vaseline  and  kerosene  oil  or  two  tablespoonfuls  of  ground 
borax,  dissolved  in  a  quart  of  hot  water  and  a  few  drops  of  ammonia 
added. 

Frosting.  —  Clean  with  benzine.  Dip  in  strong  solution  of  caustic 
soda  or  potash,  then  in  solution  of  undiluted  nitric  acid.  Wash 
thoroughly  in  water  and  dry  in  hot  sawdust. 

Polishing.  —  Any  good  metal  polish  that  will  not  scratch  will  clean 
aluminum.    One  that  is  recommended  is  made  of 

Stearic  Acid  —  One  part     1 

Fuller's  Earth  —  One  part  •  Grind  fine  and  mix  very  well. 

Rotten  Stone  —  Six  parts  J 

Castings  are  cleaned  with  a  brass  scratch  brush,  run  at  a  high 
speed.  Sand  blasting  is  also  used  both  alone  and  before  scratch 
brushing. 

Spinning.  —  A  high  speed,  about  4000  feet  per  minute,  is  best  for 
spinning.  This  means  that  for  work  5  to  8  inches  in  diameter, 
2800  to  2600  revolutions  per  minute  is  good;  while  for  smaller  work 
of  4  inches  this  would  go  up  to  3200  r.p.m. 

Turning.  —  Use  a  tool  with  shearing  edge  similar  to  a  wood- 
cutting tool  as  they  clear  themselves  better.  Use  kerosene  or  water 
as  a  lubricant,  or  if  a  bright  cut  is  wanted  use  benzine.  For  drawing 
on  a  press  use  vaseline. 

Soldering.  —  See  page  92. 


STEAM  HAMMERS  AND  DROP  FORGING 

■  While  it  is  impossible  to  accurately  rate  the  capacity  of  steam 
hammers  with  respect  to  the  size  of  work  they  should  handle,  on 
account  of  the  greatly  varying  conditions,  a  few  notes  from  the 
experience  of  the  Bement  works  of  the  Niles-Bement-Pond  Company 
will  be  of  service. 

For  making  an  occasional  forging  of  a  given  size,  a  smaller  hammer 
may  be  used  than  if  we  are  manufacturing  this  same  piece  in  large 
quantities.  If  we  have  a  6-inch  piece  to  forge,  such  as  a  pinion  or 
a  short  shaft,  a  hammer  of  about  iioo  pounds  capacity  would  answer 
yery  nicely.  But  should  the  general  work  be  as  large  as  this,  it 
would  be  very  much  better  to  use  a  1500-pound  hammer.  If,  on  the 
other  hand,  we  wish  to  forge  6-inch  axles  economically,  it  would  be 
necessary  to  use  a  7000-  or  8000-pound  hammer.  The  following 
table  will  be  found  convenient  for  reference  for  the  proper  size  of 
hammer  to  be  used  on  different  classes  of  general  blacksmith  work, 
although  it  will  be  imderstood  that  it  is  necessary  to  modify  these 
to  suit  conditions,  as  has  already  been  indicated. 

Diameter  of  Stock  Size  of  E[ammer 

3I  Inches 250  to    350  pounds 

4  Inches 350  to    6oo]Jpounds 

4^  Inches  . . . '. 600  to    800  pounds 

5  Inches 800  to  1000  pounds 

6  Inches iioo  to  1500  pounds 

Steam  hammers  are  always  rated  by  the  weight  of  the  ram,  and  the 
attached  parts,  which  include  the  piston  and  rod,  nothing  being  added 
on  account  of  the  steam  pressure  behind  the  piston.  This  makes  it 
a  little  difficult  to  compare  them  with  plain  drop  or  tilting  hammers, 
which  are  also  rated  in  the  same  way. 

Steam  hammers  are  usually  operated  at  pressures  varying  from 
75  to  100  pounds  of  steam  per  square  inch,  and  may  also  be  operated 
by  compressed  air  at  about  the  same  pressures.  It  is  cheaper,  how- 
ever, in  the  case  of  compressed  air  to  use  pressures  from  60  to  80 
pounds  instead  of  going  higher. 

In  figuring  on  the  boiler  capacity  for  steam  hammers,  there  are 

several  things  to  be  considered,  and  it  depends  upon  the  number  of 

hammers  in  use  and  the  service  required.     It  will  vary  from  one 

boiler  horse-power  for  each  100  pounds  of  falling  weight  up  to  three 

horse-power  for  the  same  weight,  according  to  tJie  service  expected. 

In  a  shop  where  a  number  of  steam  hammers  are  being  used,  it  is 

usually  safe  ^to  count  on  the  lower  boiler  capacity  given,  as  it  is 

practically  safe  to  say  that  all  of  the  hammers  are  never  in  use  at 

the  same  time.    In  a  shop  with  a  single  hammer,  on  the  other  hand, 

and  especially  where  hard  service  is  expected,  it  is  necessary  to  allow 

tAe  larger  boiler  capacity  as  there  is  no  tesetve  lo  be  drawn  on,  due 

to  part  of  the  hammers  being  idle,  as  in  tlie  ot\iet  case. 
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DRAFT  m  DROP  FORGING  DIES 


In  sinkii^  dies  for  drop  forging,  it  is  important  that  the  draft  at 
the  sides  oF  the  impression  should  be  made  as  little  as  possibl 
a%'oid   heavy  cuts  in  the  machining  operations.     It  is  equally 
portant  that  the  draft  be  sufficient  to  allow  the  forging  to  be  easily 
witlidrawn  from  the  die,  else  production  under  the  hammer  will  he 
hampered.    The  standard  draft  (or  draw)  for  most  dies  is  7  di "      " 
from  the  perpendicular,  but  other  angles  are  used  in  special 
and  sometimes  two  or  three  different  angles  of  draft  are  used  i 
same  die  at  different  parts  of  the  impression. 

Figure  1  shows  the  plan  and  side  elevation  of  a  lower  die  where 
three  angles  of  draft  are  advisable.    The  shoulders  A  and  B  are 
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,..  a  where  the  metal  is  likely  lo  hug  on  account  of  the  contraction 
of  the  hot  meta!  along  the  part  marked  C,  which  is  of  comparatively 
small  cross-section  and  will  cool  rapidly.  These  shoulders  are  given 
an  angle  of  g  d^rees.  The  inserted  tool-steel  plug  D,  is  another 
place  where  metal  is  likely  to  hug  badly.  It  is  usual  to  give  such 
plugs  12  and  even  15  degrees  of  draft  on  each  side.  Moreover,  the 
tendency  of  plugs  to  get  "jumped  up,"  hammered  c)ver  and  badly 
heal  checked  is  much  reduced  it  they  are  given  a  big  draft.  Tte 
part  marked  E  is  semicircular  and  will  draw  easily.  The  end  of  E 
at  F  is  a  part  of  a  sphere.  All  other  sides  of  the  impression  are  given 
7  degrees  draft.  If  the  die  is  smooth  and  regular  the  forging  will 
draw  easily. 

All  impressions  are  laid  out  to  one-eighth  inch  to  the  toot  shrink 
rule.  This  allows  for  a  shrinkage  of  about  o.oto  inch  to  the  inch. 
The  same  shrinkage  i»  allowed  in  the  thickness  of  forgings.  For 
example:  A  forging  is  to  be  3  inches  thick  with  halt  the  thickness  in 
each  die.  The  depth  of  impressions  will  be  i.oja  inch  in  each  die. 
In  laying  out  the  impression  on  the  face  of  the  die,  allowance  has 
been  made  for  shrinkage  in  length,  thickness  and  breadth  of  forging, 
and,  in  addition,  for  the  draft  on  the  sides.  In  complex  dies  where 
there  are  many  different  depths  and  ollsets  on  the  face  of  the  die,  the 
die  sinker  has  to  keep  all  these  points  constantly  in  mind  while  laying 
out  or  run  the  risk  of  spoiling  the  whole  job. 

A  Table  of  Dhaet  Dimensions 
The  allowance  for  j-degree  draft  \s  easv  ^">  ienvem\ie!  ,\ii».w(,-Aw^ 
exactly  f't  inch  at  the  face  of  lhedieloiettc\v\  wc\\  (i'i*ft«?'i^-    "^^ 
I  Ms  been  caJculaled  to  give  the  afio-wantcs  \tv  vVo'asa.^™*^ 
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inch  on  actual  depth,  as  measured  with  an  ordinary  depth  gage. 
It  is  not  usual  in  marking  out  to  work  closer  than  ^^  inch,  but  the 

Table  i.  —  Allowance  in  Thousandths  of  an  Inch  at  Face  of 
Die  for  Standard  Angles  of  Draft  and  Various  Depths 

OF  Impression 


Depths  in 

• 

Standard  Draft  Angles  in  Degrees 

Inches 

5  Degrees 

7  Degrees 

9  Degrees 

12  Degrees 

J  ■ 

V. 

2 

Inch 

O.OII 

0.022 

0.033 
0.044 

0.05s 
0.066 

0.077 
0.087 
0.098 
0.109 
0.120 
0.131 
0.142 

0.153 
0.164 

O.I7S 

Inch 
O.OIS 
0.03 1 
0.046 
0.061 

0.077 
0.092 
0.107 
0.123 
0.138 

O.IS3 
0.169 
0.184 
0.200 
0.21S 
0,230 
0.246 

Inch 
0.020 
0.040 
0.059 
0,079 

0.099 
0.1 19 

0.139 
0.158 
0.178 
0.198 
0.218 
0.238 
0.257 
0.277 
0.297 

0.317 

Inch 
0.027 

0.053 
0.080 
0.106 
0.133 

0.186 
0.213 

0.239 
0.266 
0.292 
0.319 
0.34s 
0,372 
0.399 
0.42s 

arrangement  of  table  in  thousandths  allows  the  nearest  ^f  inch  to 
be  taken.  The  best  plan  is  to  take  the  allowance  for  the  angle  at  i 
inch  depth  as  a  constant  and  figure  out  the  allowance  for  the  partic- 
ular depth  wanted  from  the  expression 

Draft  allowance  = • 

I 

Where  C  =  a  constant  and  D  =  the  depth  in  inches. 

Making  Types 

A  type,  shown  in  Fig.  2,  is  generally  used  as  a  guide  for  chipping 
aaid  scraping  out  the  spherical  end  of  the  semicircular  part  E.     It  is 

A. 


0Az 


^\ 


Vy^  Mean  Angle 

in-  »' 


Fig.  2 


Drafs 


Fig.  3 


not  usual  to  make  the  curve  on  the  end  conform  to  any  particular 
mean  angle  of  draft.     Most  dieankers  metdy  Iwtiv  VVvt  exvd  of  the 
p7^  to  a  curve  that  looks  right  to  tVie  eye.    ^o^wevct,  wmloxTKCoj 
^s  desirable  in  these  curves  and  Table  2  is  gvveiv  ais  ^.>q$^v  *>».  \>Ma.\. 
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r   CVUNOHICAL 
When  Rulhisai  End  ot Types  Mmn  Ai«te a[ Dnfl  h  Dignn  Ji 

BL,      2k  X  Diameter  of  T>pe  5; 

dircrtion.  It  gives  the  values  ot  the  mean  atigle  of  draft  with  vat 
radii  expressed  in  terms  of  the  diameter  of  the  type.  It  will  be  m 
that  if  the  radius  r  is  made  twice  the  diameter  of  the  type  the  mean 
angle  of  draft  is  7I  degrees.  This  rule  U  easy  U)  remember  and  a 
good  one  to  adopt  as  standard.  A  good  and  easy  way  to  get  a  close 
approximation  to  the  required  curve  is  as  follows :  Turn  a  cylinder 
of  tool  steel  to  the  requirtsl  diameter.  Face  the  end  square,  scratch 
off  the  distance  G H  equal  to  the  allowance  for  draft  <j)tained  froDtdi 
Table  i,  remembering  that  the  depth  is  half 
the  diameter  of  the  type.  Turn  the  end  to  a 
curve  which  is  uniform  to  the  eye  from  the 
center  to  the  scratched  line  H.  After  the  type 
is  hardened  it  is  ready  for  use. 

Semicircular  impressions  are  finished  with  i 
ball  cutters  ot  the  correct  diameter.     When  a 
ball  cutter  of  the  correct  diameter  is  not  at 
hand  and  the  job  will  not  warrant  making  one,  Flii.  4 

the  following  method  may  be  used.   The  center 

line  of  the  impression  is  projected  to  the  end  of  the  die.  A  semicircle 
is  scribed  on  the  vertical  surface  of  the  end.  After  the  impression  ia 
roughed  out,  a  smaller  ball  cutter  is  placed  in  the  chuck  of  a  diesink- 
itlg  machine  and  the  knee  and  slides  manipulated  until  the  cutter  ia 
in  proper  relation  to  the  semicircle  as  shown  in  Fig.  3.  A  square  ia 
used  to  indicate  when  the  curves  of  cutter  and  semicircle  are  coinci- 
dent, as  at  /.  The  micrometer  dials  are  now  set,  the  lateral  slide 
locked,  the  knee  lowered,  the  longitudinal  slide  operated  until  the 
cutter  is  in  position  over  the  impression  and  the  ball  tool  sunk  into 
the  die  until  the  micrometer  comes  to  the  position  set  at  the  semi- 
circle on  the  end.  A  longitudinal  cut  is  taken  with  this  setting.  The 
cutter  is  then  placed  in  another  lateral  position  and  the  operation  of 
setting  and  cutting  repeated.  It  may  be  necessary  to  perform  this 
operation  several  times,  and  even  then  the  result  will  be  a  scries  of 
gutters  and  ridges  instead  of  a  uniform,  semicircular  depression. 
This  can  be  readily  corrected  with  the  scraper  and  riffler. 

An  aid  in  testing  the  accuracy  of  semicircular  impressions  ia  shown 
in  Fig.  4.     If  the  semicircle  is  true,  the  comets  o(  vW  ■sf^ia.it  -««. 
touch  in  ah  positions  when  the  aides  are  lesvusft  mv  V^  t&fecii  'A.  '~^ 
impression,     II  the  square  rocks  on  tie  cotuejt  m  a.Tiv  t^savSw^,  '™°2;^ 

^xit  is  high  and  must  be  scniped  down.    "V^is.  vesv  n^xisS-  ^'='  ■°'=™ 

before  the  "flash  "  is  milled  in  the  die. 
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The  knots  described  have  been  useful  in  work  in  out-o£-the-i| 
places.     No.  i  indicates  the  meaning  of  the  terms  employed. 

No.  2,  Simple  or  Overhand  Knot.  —  The  simplest  of  alt  knots  to  9 
and  may  be  used  as  a  stop  on  a  rope.     A  free  end  is  i 
make  it.     If  strained,  it  injures  the  fiber  of  the  rope  n 
figure-8  knot,  and  it  is  difficult  to  mimakc  and  liable  t( 

Na.  3,  Double  Oterhaitd  Knol.  —  Used  for  the  end  of  a  rope  when  I 
it  is  required  to  prevent  its  going  through  an  eye,  as  in  a  pulley  block 
or  fur  Uie  end  of  a  halter  rope.  Also  useful  for  shortening  a  rtijie  and 
may  he  made  with  any  number  of  turns:  A  in  the  illustration  shows 
the  first  portion;  B,  the  knot  finished  with  two  turns;  and  C,  one 
with  four  full  turns  of  rope. 

No.  4,  Figure-S  Knot  (.Flemish).  —  May  be  employed  as  a  stop  on  a 
rope;  is  less  bjurious  to  the  fiber  of  the  rape,  and  more  easily  undone 
than  either  the  single  or  double  overhand  knot.  If  made  with  the 
rope  doubled  and  the  bight  left  long,  it  becomes  a  figure-8  hoop 
knot. 

Na.  s.  Sins-dare  Knol.  —  End  of  the  rope  is  wrapped  twice  around 
the  standing  and  then  imssed  through  the  eye.  Useful  as  a  stop  on  a 
rope  to  prevent  the  end  going  through  an  eye,  as  in  a  pulley  block 
(see  double  overhand  knot).  Also  employed  instead  of  sewing  the 
rope  end  with  twine. 

No.  6,  Boat  Knot  {Marline-spike  //iVtA).^  Suitable  for  quickly 
making  a  rope  ladder,  or  getting  a  temporary  pull  on  a  rojie  with  a 
marline-spike.  No  free  ends  required  to  form  this  knot.  Point 
marked  A  must  always  he  at  the  tack  of  the  spike  or  rung  of  the 
ladder,  away  from  the  direction  of  the  weight  or  pull. 

No.  7,  Slip  Knot  (Simple  Running  Knol).  —  The  simplest  kind  of 
slip  knot.  It  may  be  used  similarly  to  the  packer's  knot,  but  is  not 
so  good,  as  it  is  liable  to  pull  through  and  does  nut  bind  on  the  rope. 

No.  8,  Tomfool  Knot  {Double  Running  Knot). —  When  the  loops 
are  drawn  taut  and  the  ends  tied,  tliis  makes  a  pair  of  handcuffs 
which  it  is  almost  impossible  for  the  person  so  secured  to  undo.  It 
may  be  used  as  a  barrel  sling,  half-hitches  being  put  on  the  ends,  and 
the  hook  put  under  the  knot  itself.  The  bight  marked  3  is  passed 
through  the  overhand  loop  as  shown  by  the  dotted  line. 

No.  9,  Flemish  Laop.^This  knot  makes  a  simple  loop  for  light 
work  and  may  be  used  in  the  same  way  as  a  bowline,  but  is  not  so 
quickly  made;  neither  is  it  so  secure  nor  so  easily  undone.  The 
seoirity  depends  almost  entirely  upon  the  check  knol. 

No.  10,  Bowline.  —  A  generally  useful  knot  when  a  loop  of  any 
sort  iJiat  will  not  slip  is  required,  as  in  a  sling  foe  lowering  a  man,  or 
fssleaing  a  bucket  to  a  rope. 
A'o.  11^  Bowline  //.  —  A  method  of  atladdns  'i^c  cn4  lA  rme  ^mt 
to  the  standing  of  another.     A  half  turn  is  put. «»  Ae  5,la.n4n\%  Ka&«« 
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So.  12,  Running  Bowline. — ^As  shown  in  the  tT^t  ■pc 
turn  is  made  at  A  (shown  dotted)  and  t\ie  end  ra  passeA  ■Cdicm!^ 
(d  (Ae  tact  o/ (he  part  marked  fl.     Tbiaisa.  &ooAs\\v'*^°*^*^'^' 
not  tigbtea  on  the  standing,  always  itin8.inmg  opetv. 
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No.  13,  Bowline  on  a  Bigkl.  —  The  part  marked  A  is  passed  behind 
B  and  then  b  the  direction  of  the  arrow  to  C.  The  highi  B  is  then 
pulled  taut.  The  two  loops  of  this  knot  may  be  used  as  a  man  sling, 
a  barrel  sling,  or  as  a  double  man-hamess,  one  loop  under  each 
shoulder.     When  tightened  it  will  not  slip. 

In  case  of  an  injured  man,  one  of  the  loops  can  be  kept  shorter 
than  the  other  and  adjusted  under  the  armpits,  the  jnan  being 
seated  in  the  larger  loop. 

No.  14,  Open-hand  Loop  Knot  and  Fisure-S  Loop  Knot.  —  The 
upper  loop  knot  is  the  one  in  common  use  and  is  adapted  principally 
for  small  ropes.  The  lower,  or  Figure-8  knot,  is  a  better  form  and 
may  he  used  on  a  larger  rope  as  it  injures  the  liber  less  than  the 
common  form.  These  knots  rajuire  a  greater  length  of  rope  than  the 
bowlines,  but  may  he  used  in  similar  ways. 

No,  15,  Man-hartuss  Knot.  —  This  knot  can  be  tied  in  a  rope  with 
neither  end  free.  The  bight  A  is  pulled  through  under  B  and  over 
C,  and  the  knot  pulled  taut.  It  is  useful  as  allowing  a  number  of 
men  to  get  a  good  purchase  on  a  rope  for  hauling;  also  to  put  loops 
in  the  rope  to  receive  hooks  at  points  other  than  the  ends. 

No.  16,  Packer's  Knot.  — A  modification  of  a  simple  slip  knot,  but 
has  the  advantage,  when  pulled  tight,  of  biting  on  the  standing  at 
A  and  not  easily  sUpping  back.     It  is  particulurly  useful  for  cording 

»lip  rolls  of  camp  bedding,  etc.  It  can  be  made  permanent  by  an 
added  half  hitch  on  the  standing, 
j  No.  17,  Blackmail  Hilck.  —  A  convenient  method  for  returning  an 
I  empty  rope  on  a  hook.  With  a  greasy  rope,  method  R  holils  better. 
So.  18,  Modified  Fisherman's  Bends.  —  These  are  given  as  alter- 
natives for  securing  ropes  to  poles  or  bars,  and  are  adapted  to  heavy 

No.  19,  Fisherman's  Bend.  —  A  better  method  than  the  gooseneck 
or  lark's  head  (Fig.  10)  for  securing  a  rope  to  a  chain  or  link.  It  is 
also  used  to  fasten  the  rope  to  a  bar  or  the  bail  of  a  bucket.  Lashing 
at  A  is  necessary  to  prevent  pulling  through.  As  shown  in  lirst 
position,  two  turns  are  takm  over  the  link  and  the  end  brought  back 
in  front  and  passed  through  the  turns  as  shown  dotted. 

No.  20,  Lark's  Bead.  —  Useful  for  fastening  a  rope  to  the  link  of  a 
chain  or  to  a  ring  in  a  wall  or  tni.  It  is  not  a  secure  knot  unless  lashed 
at /I.  Bshowsa  toggle  inserted  to  prevent  slipping.  Cisa  modified 
gooseneck  on  a  bar,  suitable  for  securing  the  end  of  a  rope  in  scaSiJd- 
mg.    The  end  must  be  placed  at  the  back  and  the  whole  pulled  taut. 

No.  31,  Half  Hitch.  —  A  quick  and  simple  way  of  securing  a  rope 
to  a  timber  when  no  great  pull  is  expected.  The  rope  end  is  placed 
under  the  pole,  then  back  over  to  the  right  as  shown.  The  end  muat 
always  be  placed  right  at  the  back  away  from  the  pull,  asshownat  .4. 
The  right-hand  sketch  shows  the  hitch  with  a  slip  to  facilitate  undoing^ 

No.  11,  rimferHticA.— This  is  the  best  and  simplest  ol  all  timber 

bitches  and  may  be  used  for  towing  or  otherwise  handling  timber, 

rods,  pipes,   etc.;    also  for  starling  laslutigs  oti  scaSolding  or  any 

iind  of  pole  work.     For  raising  or  lowering  ImbBt,  liie  W.\\a\^ 

^ou/d  be  placed  high  above  the  center  ol  graviVy  \.o  avmi  ^uvioj. 
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^TUTo.  23,  CioM  Eikh.  —  This  is  one  oi  the  most  useful  of  all  flitches, 
OS  it  will  take  a  strain  in  either  direction  without  slackening.  It  is 
used  for  mooring  ships  heads  of  demcks  for  guv  lines  and  aJl  kinds 
of  rigging  work.     It  may  i>e  easily  undone  or  a  bl^bt  maj  be  put  in 
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instead  of  one  end  to  use  as  a  slip.   When  commencing  to  tie  tt 
on  a  homontal  bar,  the  rule  is  over  and  back  below,  c 
the  procedure  in  tying  a  half  hitch. 

iVo  ■'■t,  Rulling  Bitch.  —  This  lashing  is  used  for  getting  a.  grip  0 
a  large  rope  with  a  smaller  one.  Made  in  a  chain  it  can  be  applie 
to  wire  ropes  and  will  not  ^ip  when  the  load  hs^  been  taken  ui 
It  is  also  suitable  for  hauling  on  electric  cables,  or  withdrawin 
diamond  drill  or  other  rods.  For  securing  the  end  A  may  be  brougl 
duwn  and  be  lashed  to  the  large  rope.  In  making,  the  end  is  passe 
over  the  spar  twice,  then  retumai  back  as  shown  at  (3),  then  ovt 
behind  as  at  (4),  and  up  and  under  as  at  {5). 

No.  35.  —  A  siiuare  or  reef  knot,  used  only  for  joining  two  rop« 
together. 

No.  i6.  — Sheet,  bend  in  an  eye,  generally  used  for  an  adjustabl 
sling. 

In  supporting  a  swinging  scaffold,  it  is  often  advantageous  to  u^ 
light  material,  while,at  the  same  time,  strength  is  required.  A  plan 
on  edge  is  a  great  deal  sliffer  than  the  same  plank  laid  flat,  and  N( 
27  shows  how  to  sting  a  plank  edgewise  by  a  rope  so  that  it  will  sta] 
The  knot  used  is  a  very  simple  one.  A  dove  hitch  is  made  around  th 
end  of  the  plank;  then  one  of  the  parts  is  twisted  around  the  plan 
until  the  ends  lead  as  shown  in  the  sketch. 

Very  often  it  is  desirable  to  shorten  a  piece  of  rope  without  cuttin 
it.  No.  2S  shows  a  sheep's  shank  which  is  used  far  this  puiposi 
The  rope  is  brought  back  on  itself,  making  two  or  more  Ughts,  an 
a  half  hitch  is  taken  around  each  bight.  This  knot  will  not  slij 
and  wi!l  nearly  fall  apart  of  its  own  aci:ord  if  the  strain  is  releasee 
so  that  when  there  is  a  liability  of  this  happening,  it  is  well  to  pat 
a  piece  of  wood  through  the  loop  A  at  each  end  and  pull  the  rop 
tight  on  them. 

One  of  the  handiest  knots  to  know  is  a  bowline.  The  bowline  wi 
not  slip,  and  is  easy  to  untie.  It  can  also  be  tied  in  the  bight  of' 
rope,  and  is  then  called  a  "bowline  in  a  bight."  The  steps  require 
to  tie  it  are  shown  at  No.  39.  It  is  particularly  handy  when  it  i 
necessary  to  hitch  an  auxiliary  tackle  on  a  fall  to  get  additional  pi« 
chase  for  a  heavy  lift.  This  knot  has  all  the  good  points  of  til 
simple  bowline. 

In  using  a  block  and  fall  for  pulling  things,  there  is  a  ri^iht  wa 
and  a  wrong  way  of  doing  it.  No.  35  shows  the  right  way,  W  bein 
the  weight  to  be  moved.  If  A  were  the  weight  and  W  the  post,  ti 
blocks  being  left  as  shown,  then  It  would  be  wrong.  The  advantag 
of  the  right  way  of  doing  it  is  that  the  leverage  due  to  one  additiow 
part  of  rope  in  the  tackle  is  gained!  thus  a  three-part  fall,  rigged  1 
the  right  way,  is  as  good  as  a  four-part  fall  rigged  in  the  wrong  waj 
and  has  the  additional  advantage  that  there  is  one  less  sheave  wit 
its  Friction.  In  lifting  a  heavy  weight,  it  is  sometimes  desiiaUe  t 
put  a  tackle  on  the  fall  to  gain  additional  leverage;  the  comm^ 
practice  in  a  case  of  this  kind  is  to  Wtct  t\ie  amOiWarj  \atVie  to. 
'  dead  man.  "  The  right  way  is  to  hitch  t\us  tacVlc  \ji  &e  '^vwt 
"  ''''«/  alongside  the  main  tackle,  which  adds  codsviBCTbVj  \o 
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leverage,  being  equivalent  to  one  more  part  to  the  main  fall  besidei 
the  gain  by  the  use  ol  the  auxiliary  fall. 

No.  30.  —  Clove  or  double  hdf  hitch. 

No.  31.  — Timber  hitch. 

No.  31.  —  Qove  or  double  half  hitch  as  used  for  hauling. 

^0.  33.  —  Studding  sail  hitch  as  used  m  hoisting  timber. 

No.  34.  —  Timber  and  half  hitch.  Useful  in  hoisting  shafting  01 
timber  in  a  vertical  position. 
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GENERAL   REFERENCE   TABLES 

COMMON  WEIGHTS  AND  MEASURES 

Linear  or  Measure  of  Length 

12  inches    =  i  foot.       3  feet   =  i  yard. 
5i  yards    =  i  rod.      40  rods  =  furlong. 
8  furlongs  =  i  mile. 

Equivalent  Measures 

Inches  Feet  Yards  Rods        Furlongs  Mile 

36  =       3  =       I 

198  =     16.5  =       5.5  =.  I 

7920  =  660  =   220  =  40       =           I 

63,360  =5280  =1760  =  320       =          8     =»           I 

Square  Measure 

144  square  inches  =  i  sq.  foot.      30}  square  yards   =  i  sq.  rod. 
9  square  feet      =  i  sq.  yd.         160  square  rods     =  i  acre. 

640  acres  =  i  sq.  mile. 

.    Equivalent  Measure 

Sq.  Mi.        A.        Sq.  Rd.        Sq.  Yd.  Sq.  Ft.  Sq.  In. 

I      =  640  =  102,400  =  3,097,600  =  27,878,400  =  4,014,489,600 

Cubic  Measure 

1728  cubic  inches  =  i  cubic  foot.      128    cubic  feet  =  i  cord. 
27  cubic  feet       =  i  cubic  yard.       24I  cubic  feet  =  i  jjerch. 
I  cu.  yd.  =  27  cu.  ft.  =  46,656  cu.  in. 

Weight  —  Avoirdupois 

437.5  grains  =  i  ounce.         100  pounds  =  i  hundred  weight. 
16  ounces  =  i  pound.       2000  pounds  =  i  ton. 

2240  pounds  =  I  long  ton. 
I  ton  =  20  cwt.  =  2000  lbs.  =  32,000  oz.  =  14,000,000  gn 

Weight  =  Troy 

24  grains  =  i  pennyweight.     20  pNvl.  =  \  ouyvc^, 

J  2  ounces  =  I  pound. 

I  lb.  =9  f^  oz,  ?=  240  pwt.  =  $760  ^r^ 
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Dry  Measure 

2  pints  =  I  quart.     8  quarts  =  i  peck. 

4  pecks  =  I  bushel 

I  bu.  =  4  pk.  =  32  qt.  =  64  pt. 

U.  S.  bushel  =  2150.42  cu.  in.     British  =  2218.19  cu.  in. 

Liquid  Measure 

4  gills    =  I  pint.        4  quarts     =  i  gallon. 
2  pints  =  I  quart.     31^  gallons  =  i  barrel. 

2  barrels  or  63  gals.  =  i  hogshead. 
I  hhd.  =  2  bbl.  =  63  gals.  =  252  qt.  =  504  pt.  =  2016  gi. 

The  U.  S.  gallon  contains  231  cu.  in.  =  .134  cu.  ft. 
One  cubic  foot  =  7.481  gallons. 
One  cubic  foot  weighs  62.425  lbs.  at  39.2  deg.  Fahr. 
One  gallon  weighs  8.345  lbs. 

For  rough  calculations  i  cu.  ft.  is  called  7}  gallons  and  i  gallon 
as  8J  lbs. 

Angles  or  Arcs 

60  seconds  =  i  minute.      90  degrees  =  i  rt.  angle  or  quadrant. 
60  minutes  =  i  degree.     360  degrees   =  i  circle. 

I  cirde       =  360°  =  21,600'  =  1,296,000'. 
I  minute  of  arc  on  the  earth's  surface  is  i  nautical  mile  =1.17 
times  a  land  mile  or  6080  feet. 

Weight  of  a  Cubic  Foot  of  Substances 

Average 

Names  of  Substances  Weight 

Lt». 

Anthracite,  solid,  of  Pennsylvania 93 

"          broken,  loose 54 

"                "       moderately  shaken   58 

"          heaped  bushel,  loose   (80) 

Ash,  American  white,  dry 38 

Asphaltum 87 

Brass  (Copper  and  Zinc),  cast   504 

"      rolled 524 

Brick,  best  pressed 150 

'*      common  hard 125 

"      soft,  inferior 100 

Brickwork,  pressed  brick 140 

"          ordinary : 112 

Cement,  hydraulic,  ground,  loose,  American,  Rosendale 56 

Louisville 50 

"      English,  PorUand 90 

Cherry,  dry   ao- 

Chestnut,  dry    N^ 

Coal,  bituminous,  solid ^ 

^^'  "  broken,  loose ^t 

"  heaped  bushel,  loose 
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Weight  o^  a  Cubic  Eoot  of  Substances  —  Continued 

Average 
Names  of  Substances  Weight 

Lbs. 

Coke,  loose,  of  good  coal 27 

"         "       heaped  bushel 38 

Copper,  cast 542 

rolled 548 

Earth,  common  loam,  dry,  loose   76 

"            "           "        "    moderately  rammed 95 

Ebony,  dry 76 

Ehn,  dry 35 

Flint   ; 162 

Glass,  common  window 157 

Gneiss,  common   168 

Gold,  cast,  pure,  or  24  carat 1204 

"     pure,  hammered 1217 

Granite 1 70 

Gravel,  about  the  same  as  sand,  which  see. 

Hemlock,  dry 25 

Hickory,  dry  53 

Hornblende,  black    203 

Ice 58.7 

Iron,  cast 450 

"     wrought,  pure 485 

"           "        average   480 

Ivory 114 

Lead   711 

Lignum  Vitae,  dry    83 

Lime,  quick,  ground,  loose,  or  in  small  lumps 53 

"          "           "           "      thoroughly  shaken 75 

Limestones  and  Marbles 168 

"            "         "        loose,  in  irregular  fragments 96 

Mahogany,  Spanish,  dry 53 

"          Honduras,  dry  35 

Maple,  dry 49 

Marbles,  see  Limestones. 

Masonry,  of  granite  or  limestone,  well  dressed 165 

"         "  sandstone,  well  dressed 144 

Mercury,  at  32°  Fahrenheit   849 

Mica 183 

Mortar,  hardened 103 

Mud,  dry,  close    80  to  no 

"      wet,  fluid,  maximum 1 20 

Oak,  live,  dry    59 

"     white,  dry 52 

"    other  kinds 32  to  45 

-Petroleum 55 

^{p^,  white,  dry   iS 

yellow.  Northern ^^ 

Southern ^^ 


<■<■ 


rr 


a 
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Weight  of  a  Cubic  Foot  of  Substances  —  Continued 

Average 
Names  of  Substances  Weight 

Lbs. 

Platinum    1342 

Quartz,  common,  pure 165 

Rosin 69 

Salt,  coarse,  Syracuse,  N.  Y 45 

"    Liverpool,  fine,  for  table  use 49 

Sand,  of  pure  quartz,  dry,  loose    90  to  106 

"     well  shaken :  99  to  117 

"     perfectly  wet ^ 120  to  140 

Sandstones,  fit  for  building \ 151 

Shales,  red  or  black   162 

Silver 655 

Slate  175 

Snow,  freshly  fallen s  to  12 

"     moistened  and  compacted  by  rain   15  to  50 

Spruce,  dry    25 

Steel   490 

Sulphur 125 

Sycamore,  dry 37 

Tar   62 

Tin,  cast 459 

Turf  or  Peat,  dry,  unpressed    20  to  30 

Walnut,  black,  dry 38 

Water,  pure  rain  or  distilled,  at  60°  Fahrenheit   62 J 

"      sea   64 

Wax,  bees ^  60.5 

Zinc  or  Spelter 437 

Green  timbers  usually  weigh  from  one-fifth  to  one-half  more  than  dry. 

WATER  CONVERSION  FACTORS 

U.  S.  gallons  X      8.33        =  pounds. 

U.  S.  gallons  X      0.13368  =  cubic  feet. 

U.  S.  gallons  X  231  =  cubic  inches. 

U.  S.  gallons  X      0.83        =  English  gallons 

U.  S.  gallons  X      378        =  liters. 

English  gallons  (Imperial)       X    10  =  pounds. 

English  gallons  (Imperial)       X      0.16        =  cubic  feet. 
English  gallons  (Imperial)       X  277-274      =  cubic  inches. 
English  gallons  (Imperial)       X      1.2  =  U.  S.  gallons. 

English  gallons  (Imperial)       X      4- S3  7      =  liters. 


Cubic  inches  of  water  (39- 1*)  X  0.036024    =  pounds. 

.  -   -         U.  S.  ga 

Cubic  inches  of  water  (39.1*)  X  0.003607     =  Englisn  gallons. 


Cubic  inches  of  water  (39- 1*)  X  0.004329    =  U.  S.  gallons. 


Cubic  inches  of  water  (39- 1*)  X  0.576384  =  ounces. 

Cubic  feet  (of  water)  (391*)  X  62.425  =  pounds. 

Cubic  feet  (of  water)  (39- 1°)  X    7  48  =  U.  S.  gallons. 

Cubic  feet  (of  water)  (39- 1*)  X    6.232  =  English  gallons. 

Cubic  feet  (of  water)  (391**)  X    0.028  =«  tons. 

Pounds  oi  water  X  27.7  a  =  cvjXac.  vnOcvRa. 

Pounds  of  water  X    o.oi6oa    =  cv^s«,  1«kX. 
Pounds  0/ water  X    0.1a  =  "^  •  ^c.^'*^^^*   * 

Pounds  0/ water  X    0.10  = 'Ea^Sowv  ««i»o«^- 
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CONVENIENT  MULTIPLIERS 


Inches         X  0.08333        =  feet. 
Inches         X  0.02778        =  yards. 
Inches         X  0.00001578  =»  miles. 


Sq.  inches  X  0.00695  =  Sq.  feet. 

Sq.  inches  X  0.0007716  =  Sq.  yards. 

Cu.  inches  X  0.00058  =  Cu.  feet. 

Cu.  inches  X  0.0000214  =  Cu.  yards. 


Feet 
Feet 


X  0.3334 
X  0.00019. 


yau-ds. 
miles. 


Sq.  feet 
Sq.  feet 


X     144 

X        0.1112 


Sq.  inches. 
Sq.  yards. 


Yards 
Yards 
Yards 


X  36 

X  3 

X  0.0005681 


inches. 

feet. 

miles. 


Cu.  feet 
Cu.  feet 
Sq.  yards 


X  1728 

X        0.03704 

X  1296 


Cu.  inches. 
Cu.  yards. 
Sq.  inches. 


Miles 
Miles 
Miles 


X  63360 
X  5280 
X  1760 


inches.         Sq.  yards      X  9 

feet.  Cu.  yards      X  46656 

yards.  Cu.  yards      X        27 


Sq.  feet. 
Cu.  inches. 
Cu.  feet. 


AvcMr.  oz.   X  0.0625         =  pounds. 
Avoir,  oz.   X  0.00003125  =  tons. 
Avoir,  lbs.  X  16  =■  otmces. 


Avoir,  lbs.    X  0.0005  =  tons. 

Avoir,  tons   X  32000  ==  ounces. 

Avoir,  tons   X    aooo  <=>  pounds. 


THE  METRIC  SYSTEM 

The  Metric  System  is  based  on  the  Meter  which  was  designed  to  be  one  ten- 
millionth  (loot^Qoo)  part  of  the  earth's  meridian  quadrant,  through  Dunkirk  and 
Formentera.  Later  investigations,  however,  have  shown  that  the  Meter  exc^ds  one 
ten-millionth  part  by  almost  one  part  in  6400.  The  value  of  the  Meter,  as  authorized 
by  the  U.  S.  Government,  is  39.37  inches.  The  Metric  system  was  legalized  by  the 
U.  S.  Government  in  1866. 

The  three  principal  units  are  the  Meter,  the  unit  of  length,  the  liter,  the  unit  of 
capacity,  and  the  gram,  the  unit  (A  wdght.  Multiples  of  these  are  obtained  by  pre- 
fixmg  the  Greek  words:  deka  (10),  hekto  (100),  and  kilo  (1000).  Divisions  are 
obtained  by  prefixing  the  Latin  words:  deci  (^),  centi  (tJo),  and  milli  (n^o).  Abbre- 
viations of  the  multiples  begin  with  a  capital  letter,  and  of  the  divisions  wth  a  small 
letter,  as  in  the  following  tables: 


Measures  of  Length 


10  millimeters  (mm) 
10  centimeters    .... 

10  decimeters 

10  meters    

10  dekaraeters   .... 
10  hektometers 


=  I  centimeter cm. 

=  I  decimeter     dm. 

«=  I  meter m. 

=»  I  dekameter Dm. 

=  I  hektometer     Hm. 

=  I  kilometer    Km. 


Measures  of  Surface  (not  Land) 

100  square  millimeters  (mm*) =  i  square  centimeter cm'. 

100  square  centimeters =  i  square  decimeter     dm*. 

100  square  deciractirs    ==  i  square  meter n^. 


Measures  of  Volume 

J^ooo  cubic  millimeters  (mm^   =  1  cubic  cctAXxiveVet     ^an?. 

rooo  cubic  centimeters   =  1  cubic  AecKmeVex    ^tc^. 

^000  cubic  decvneters =  1  cubvc  mclet    .^« 
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Measures  of  Capacity 

lo  milliliters  (ml)    »  i  centiliter d. 

lo  centiliters «»  i  deciliter    dL 

lo  deciliters   —  i  liter  L 

lo  liters =  i  dekaliter     Dl. 

lo  dekaliters -  i  hektolitcr    HI. 

lo  hektoUters «=  i  kiloliter  Kl. 

NoTT..  —  The  liter  b  equal  to  the  volume  occupied  by  i  cubic  decimeter. 


Measures  of  Weight 

ID  milligrams  (mg) «»  i  centigram    eg. 

xo  centigrams »  i  decigram     dg. 

lo  decigrams    =  i  gram    g. 

xo  grams »  i  dekagram Dg. 

lo  ddtagrams =*  i  hektogram  Hg. 

xo  hektograms =  i  kilogram Kg. 

looo  kilograms =»  i  ton    T. 

Note.  —  The  gram  is  the  weight  of  one  cubic  centimeter  of  pure  distilled  water 
at  a  temperature  of  39.2°  F.,  the  kilogram  is  the  weight  of  i  liter  of  water;  the  ton  is 
the  weignt  of  i  cubic  meter  of  water. 

METRIC  AND  ENGLISH  CONVERSION  TABLE 

Measures  of  Length 


39.37  inches. 
X  meter  —  ^  3.28083  feet. 

[  I  x>936  yds. 
X  centimeter  •=  .3937  inch. 

f -03937  inch,  or 
25  inch  nearly. 
I  kilometer  «-  0.62137  mile. 


I  foot  —  .3048  meter. 

I  inch  »  I  a. 54  centimeters. 
( 25.4  millimeters. 


Measures  of  Surface 


X  <^..o»>  «^«*or  —   i  10.764  square  feet. 
X  square  meter  =   \    ^.J^J  ^^are  yds. 

X  square  centimeter  =  .155  sq.  in. 
X  square  millimeter  =  .00155  sq.  in. 


X  square  yard  «  .836  square  meter. 
I  square  foot  «  .0929  square  meter. 

.  square  ta.-j,/^;f"|3;3JJ5^= 


Measures  of  Volume  and  Capacity 


I  cubic  meter 


I  cubic  decimeter  =  | ' 


35.314  cubic  feet. 
1.308  cubic  yards. 
.  264.2      gallons    (231 
cubic  inch). 
61.023  cubic  in. 
.0353  cubic  ft. 
cubic  centimeter  =  .061  cubic  inch. 
1  cubic  decimeter. 
61.023  cubic  inches. 
•0353  cubic  foot. 
1,0567  quarts  (U.  S.) 
.2642  gallons  (U.  S.) 
2.202  lbs.  of  water  at  62®  F. 


X  liter  = 


cuUc  yard  —  .7645  cubic  meter. 

r  x>2832  cubic  meter, 
cubic  ft.  ■■  \  28.3x7  cubic  decimeters. 

[  28.317  liters, 
cubic  inch  «  X6.387  cubic  centimeters, 
gallon  (British)  «  4.543  liters, 
gallon  (U.  S.)  =■  3.785  liters. 


Measures  of  Weight 


X  gram  <=  15.432  grains. 

I  kilogram  »  2.2046  pounds. 

f  .9842  ton  of  3240  lbs. 
I  metnc  ton  =»  i  19.68  cwts. 

(     3204.6   lbs. 


X  grain  »  a6a&  v%c«&. 
X  ton.  cX  aa^o^^**""  \  -io"v'b>iS*3KB»»fia 
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Miscellaneous  Conversion  Factors 


I  kilogram  per  meter  =  .6730  potmds  per  foot. 

I  gram  per  square  millimeter  —  1.433  pounds  per  square  inch. 

I  kilogram  per  square  meter  »  o.3oiS4  pounds  per  square  foot. 

X  kilogram  per  cubic  meter  «  /3624  potmds  per  cubic  foot. 

X  degree  centigrade  =1.8  degrees  Fahrenheit. 

X  pound  per  foot  =  1.488  kilograms  per  meter. 

X  pound  per  square  foot  =>  4.88a  kilograms  per  square  meter. 

1  pound  per  culnc  foot  =«  16.03  kilograms  per  cubic  meter. 

X  degree  Fahrenheit  =»  .5556  degrett  centigrade. 

I  Calorie  (French  Thermal  Unit)  =  3.968  B.  T.  U.  (British  Thermal  Unit). 

( 33*000  foot  pounds  per  minute. 
( 746  Watts. 

.00134  Horse  Power. 
44.24      foot  pounds  per  minute 

1000  Watts. 
1.34  Horse  Power. 
.  44340  foot  pounds  per  minute. 


X  Horse  Power 


I  Watt  (Unit  of  ElectricaJ  Power)  =«  { 


Kilowatt 


Decimal  Equivalents   of   Fractions  of   Millimeters.    (Ad- 
vancing BY  jijf  MM.) 


mm.         Inches         mm. 


tJtt 


T^TT 


Tinr 
iVo 


=  .00039 
=  .00079 

—  .00118 

=  .00157 

=  .00197 

—  .00236 
=  .00276 

=  .00315 
=  .00354 
=  .00394 
=  .00433 

=  .00472 
=  .00512 

=  .00551 
=  .00591 

=  .00630 
=  .00669 
=  .00709 

—  .00748 
=  .00787 

=  .00827 
=  .00866 
=  .oogo6 

•0094s 
.00984 


Inches 


•  .01024 
.01063 
.01102 
.01142 
.01181 

.01220 
.01260 
.01299 

•01339 
.01378 

.01417 

.01457 
.01496 

•01 535 
•01575 
.01614 
.01654 
.01693 
.01732 
.01772 

.01811 
.01850 
.01890 
.01929 
.01969 


mm. 


Inches 


if 

A 

60 


rV!r  = 


rtV 


PS  — 

AV  = 

■^^  — 


.02008 
.02047 
.02087 
.02126 
.02  I  65 

.02205 
.02244 
.02283 
.02323 
.02362 

.02402 
.02441 
.02480 
.02520 

•02559 
.02598 
.02638 
.02677 
.02717 
.02756 

.02795 
.02835 
.02874 
.02913 

'  .029S3 


mm. 


Inches 


TVir  = 
AV  = 

80      _ 

iVff  = 

A\  — 

84     _ 
TO(T  — 

8  5      _ 

roTT  — 
■J^^^  = 

Toff 

AV  = 

89      _ 

tVo  = 


0( 

95  _ 
Tff(T  — 

96  _ 
TOTT  — 

9  7  _ 


.02992 
.03032 
.03071 
.03110 

•03150 
.03189 
.03228 
.03268 

•03307 
•03346 

.03386 
•03425 
•03465 
•03504 
•03543 

•03583 
.03622 

.03661 

.03701 

.03740 

.03780 
.03819 
.03858 
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Deciual  Equivalents  of  Mhuuetcrs  and  Fractions  oi'  Mii^ 

(Advancing  UV  Vb  "«■  and  i  uu.) 


mm.       Inch« 

mm.           lachis 

mm.        IndiH 

mm.        India 

= 

■03ISO 

31  =  1.21047 

71  -  3,79517 

^a  ~  .00071) 

.o3"8 

32  -  1.25984 

71  =  3,83464 

A  -  ■"'■57 

-03307 

33  "  '.19921 

73  =  2,87401 

I'j,  =  .00236 

= 

.03386 

34  =  .-33858 

74  -  2,91338 

A  =  -ooS'S 

^33465 

35  =  1-37795 

75  -  2.9517s 

jP„  =  .00394 

= 

.03S43 

36  =  1.4173" 

76  -  2.992.3 

^\  -  .00472 

^3622 

37  "  1.45669 

77  "  3.03149 

i'o  -  .oossi 

.03701 

38  -  149606 

78  -=  3.07086 

,  ij  =  .00630 

.037S0 

39-1-53543 

79  =  3.1.023 

fs  -  .00709 

= 

.03858 

40  =  1.57480 

So  -  3.14960 

-.00787 
-  .00866 

.03937 

41  =  1.61417 

8:  =  3.18897 

.07874 

41  =  1.65354 

82  =  3.11834 

==  .00945 

3       = 

.11811 

43  =  1.6919' 

83  =  3.26771 

=  ,01034 

4       = 

.15748 

44  =  ..7312a 

84=3,30708 

—   .OlIOI 

5      = 

.19685 

45  =  1  ■77.65 

85  -  3.3464s 

iS  =  .0.181 

6      = 

.23622 

46=  1.81 10» 

86  =  3.38583 

Is  =  .0.260 

7      = 

.=  7559 

47  -  1-85039 

87  =  3-4'5i9 

j  =  .01339 

8       - 

■31496 

48  =  1.88976 

88  =  3.46456 

S  =  .0.4.7 

U  -  .0.496 

9      = 

■35433 

49  =  1J)2913 

89  -  3.50393 

.39370 

SO  =  1,96850 

90  =  3.54330 

-  .0.57s 

.1      = 

43307 

51  =  2.00787 

9.  -  3.58167 

-  .0.654 

47144 

52  =  2,04724 

92  =  3.62204 

=  .01731 

13      = 

.51.8. 

S3  -  1,08661 

93  =  3.66141 

14      = 

-55  "8 

S4  -  2.12598 

94  =  3.70078 

=  .0.890 

15      = 

■59055 

55  =  2-10535 

95  =  3. 7  40.5 

=  .01969 

16      = 

.61991 

56  =  2,20472 

96  =  3,7795' 

=  .02047 

I?      = 

.66929 

57  -  1,14409 

97  =  IsIsSg 

=  .0J126 

18      = 

.70866 

58  =  2.28346 

98  =  3.85826 

=  xiiios 

.74803 

59  -=  2.32183 

99  =  3.89763 

—  .02283 

JO        = 

.78740 

60  -  1,36110 

IDO  -  3,93700 

5  -  .0.36. 
=  ,02441 

2.          = 

.S2677 

61  =  240157 

.86614 

61  -  244094 

.s=  =  = 

=  ^2520 

13          = 

.90551 

63  -  248031 

.94488 

64  =-  2.5196S 

-  'l^ 

25          = 

.98425 

65  -  3.55905 

li?K 

=  .02756 

«6      - 

tX)2362 

66=2,59842 

oo"^ 

-  .028^5 

-  ,029.3 

27    = 

1 .061QO 

67  -  2.63779 

MM 

28    = 

1.10136 

68-  a.6n»6 

\       ^  t^  - 

-  ^2<,Q3 

■'4173 

&,  =  3.nb%j 

\    W^t 

if  -  .qjo// 

30    = 

.18110 

70  =  a-ISS^ 

\    ---- 
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Mhs 

jinds 

64tb 

e4iii> 

i   =  .1=5 

Vl  =  .03115 

A  =  .0.5625 

=  -315625 

-  .'50 

A  =  J39375 

A  -  .046875 

=  .546875 

^  .373 

A  -  -'se^s 

A  -  -078125 

-  378125 

=  .500 

■s^  =  .21875 

A  =  .109375 

=  .609375 

-.625 

A  —  .140625 

i  =  -171875 

-  .640625 

=  ■75° 

Ii  -  -34375 

[  -  -67187s 

=  .8;s 

Is  =  4o6=s 

i  =  .203125 

] 

j  =  .7031=5 

ii  =  46875 

iS  -  .234375 

1 

E  -  .73437s 

1 6th!. 

iV  =  -ofi'S 

a  -  -SSI'S 

i  -  -'65625 

i  =  .765625 

A  =  ..87s 

=  -59373 

=  .296875 

=  .796873 

A  -  -3"5 

-  .65635 

-  .3'Bi2S 
=  .359375 

=  .8,8125 

=  -7'875 

=  .859375 

•5  =  ^6^5 

=  .78-25 

-  .39=625 

=  .890625 

1  -  .6875 

-  -84375 

i    -421875 

S  -  ^2i87S 

1  =  .81=5 

=  .906.5 

1    =  45312s 

_ 

!  =  -953125 

*  ~  -^375 

fi  -  .96875 

i    -  484375 

■  =  .984373 

Decimal  Equt 

i-ALEHTs  or  Fractions  op  an  Inch.    (Advancino 

BY   64THS.) 

A  -  -56^5 

ii  -  .'65625 

!  -.515625 

f  -  ■7'^6,s 

-h  ■=  -os^s 

A  =  .28.25 
II  -  ..96875 

i    =  .53"S 

1  -  -T'-S 

^  -  .046875 

H  -  .546875 

hs%" 

A  =  -o^^S 

A  =  .3125 

ft  =  -5625 

,V  =  .078125 

i  -.328135 

i    =  -34375 

i  -.578.25 

ti  -  .818.25 

A  =  .0937s 

i    =  -S937S 

Ii  =•  .8437s 

A  =  ■t°937S 

t    "  .35937s 

i    "  .60937s 

II  -  .85937s 

i   =  -I'S 

»  -  .375 

f  -.62s 

i  -.875 

Vi  -  .140625 

i    -.390625 

JJ  -  .640625 
U  -  .65635 

-  AJ062S 

ii  -  ■i7'875 

1    -40625 

".90625 

1    =42.875 

H  -  .67.875 

ii  -  -6875 

-  .9'i87s 

ft  -  -1875 

ft  -  4375 

-■9375 

H  -  -^03125 

if  =  46875 

ti  ■=  -703125 

«  ■=  ^»S3"S 

ii  =  ■23«;5 

H  -  .7187  s 

tt-^-\^ 

Ii  -  48437s 

U-.i3Ans  \%-  '^"■■s^^ 

/-.^5         / 

i  -.50 

'-■"    \ ^ 
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Decual  Eqdivalbnis  of  Fractions  below  J' 


FracUcnal  Poili  of  an  Tncb 

DEdnud 

« 

- 

• 

.. 

■fi 

=4 

,8 

.. 

6* 

*iJfi.S 

, 

^is6=s 

-03  "S 

■OJSTM 

^4<567 

•046875 

.0468,5 

.afiij 

■oSjjij 

■08333  J 

^^"Jw 

3 

" 

io;'« 

■1 

■ 

l!J6:.S 

14jSi7 

■s«'S 

1.1615 

I666l5fi 

H.S75 

' 

166666 

's?"' 

;!?;'' 

»0«3H 

^wi 

.14=86 

•  187; 

il 

"ajf 

llsfi^S 

la 

A^t'" 

Sjj 

' 

^ 

ih 

1=96835 

'?f" 

.J181JS 

arf.js 

.. 

„ 

3I937I      " 

1|J^6»! 

3W613 

30"8S7 

iSe^f 

=fi 

40615 

~4ie66 

41666 

Ji,8l5 

jjiSjs 

-4»8S71 

-4=8S7' 

3S 

:iy]^^ 

.464.86 

-4*8r5 

.468JS 

-484JJS 

^ 

^ 

' 

^ 

.. 

^ 

^84375 

DECIMAL  EQUIVALENTS  ^gj 

Dbcdul  Bquivalehts  op  Fkaciions  between  i*  and  i* 


Frocliooa]  Pfllta  df 


Xf 


48a  GENERAL  REFERENCE  TABLES 

Decdul  Eqdivaubhts  ot  FKAcnoHS  and  Neasesi  EQuivALEm 




Nbu- 



Ncut- 

Nar- 

Ft. 

D«imJ 

64th 

Ff. 

i5i 

Fr,     '    Dcdmal 

Sltl 

T 

o.si6t 

1! 

i 

0.6296 

i 

0.7586 

5173 

1 

6316 

7600 

5185 

i 

^333 

7619 

\ 

5200 

', 

6364 

7(147 

n 

5117 

H 

6400 

11 

7G67 

i 

S^38 

-A 

6429 

7692 

"i 

S^63 

t 

645^ 

7727 

A 

o 

SJ94 

) 

0 

6471 

i   '    0 

7743 

+ 

S3 '3 

n 

i 

i     1     0 

7778 

o 

5333 

! 

□ 

65.3 

78.3 

H 

H 

S3S7 

i 

6538 

7826 

A 

5385 

I 

655' 

i 

7857 

1! 

S4"7 

ji 

0 

6563 

.IL 

s 

780s 

A 

S4SS 

a 

6667 

il_ 

( 

75' 7 

ti 

5484 

6774 

u 

753 1 

H 

Ssoo 

6786 

i, 

0 

8000 

1 

o 

SS17 

0 

6800 

U 

0 

806s 

! 

5SS6 

6818 

n 

S077 

1! 

5600 

6B42 

8095 

t 

° 

56^5 
5652 
S667 

1^ 

I 

I 

fi87S 
6897 
6923 

ti 

t 

I 

8125 
8.48 
8182 

)i 

i 

5714 

/ 

6557 

8214 

u 

S76g 

7(™ 

8235 

i 

5789 

M 

7037 

H 

8261 

* 

SSo6 

T>59 

i 

8276 

i\ 

^ 

5833 

7083 

1 

8334 

S86. 

a 

7097 

H 

0 

8387 

sm 

? 

7143 

i 

8400 

SQog 

+ 

7.88 

a 

1 

8421 

i 

5926 

0 

7200 

-h 

0 

8438 

n 

-h 

sg38 

H 

H 

7222 

8462 

6000 

Ji 

7241 

i 

8500 

6071 

7  =  73 

! 

8319 

608J 

u 

7303 

f 

857' 

n 

6ni 

0 

7333 

a 

! 

8621 

6129 

7368 

S 

8636 

A 

6154 

i 

739' 

! 

8667 

y/  /   oSjgo   1 

» 

7407 

! 

8696 

-       /       /      0.63S0     j 

>l'l 

I 

7419    \          \\\\  o*l'=  \     , 
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Decimal  Equivalents  of  Fractions  and  Nearest  Equivalent 

64THS 


Decimal 


Near- 
est 
64th 


0.8800 

0.8824 

0.8846 

0.8889 

0.8929 

0.8947 

0.8966 

0.9000 

0.9032 

0.9048 

0.9063 

0.9091 

0.9130 

0.9167 

0.9200 

0.9231 

0.9259 

0.9286 

0.9310 

0.9333 
0.93SS 
0.937s 
0.9412 

0.9444 
0.9474 
0.9500 
0.9524 

0.954s 
0.9S65 
0.9583 
0.9600 
0.9615 
0.9630 
0.9643 

0.9655 
0.9667 

0.9678 

0.9688 

1. 0000 

0.0313 
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GENERAL  REFERENCE  TABLES 


Decimal  Equivalents  of  Fractions  and  Nearest  Equivalent 

64THS 


Fr. 

Decimal 

Near- 
est 
64th 

Fr. 

< 

Decimal 

Near- 
est 
64th 

Fr. 

Decimal 

Near- 
est 
64th 

ft 

02593 
0.2609 
0.2632 
0.2667 
0.2692 
0.2727 
0.27S9 
0.2778 
0.2800 
0.2813 
0.2857 
0.2903 
0.2917 
0.2941 
0.2963 
0.3000 

0.3043 
0.3077 

0.3103 
0.3125 
0.3 1. "JS 
0.3182 
0.3200 
0.3214 
0.3226 

0.3333 
0.3438 

\i 

ft 

A 

A 
A 

A 

! 

• 

0.3448 
0.3462 

0.3478 
0.3500 

0.3529 
0.3548 

0.3571 
0.3600 
0.3636 
0.3667 
0.3684 
0.3704 
0.3750 

0.3793 
0.3810 

0.3846 
0.3871 

0.3889 

0.3913 
0.3929 

0.4000 

0.4063 

0.4074 
0.4091 
0.4118 
0.4138 
0.4167 

ii 

ft 
!1 

0.4194 
O.4211 
0.4231 
0.4286 

0.4333 
0.4348 

0.4375 
0.4400 

0.4444 

0.4483 
0.4500 
0.4516 
0.4545 
0.4583 
0.4615 
0.4642 
0.4667 
0.4688 
0.4706 

0.4737 
0.4762 

0.4783 
0.4800 
0.4815 
0.4828 
0.4839 
0.5000 

*f 

t 

« 

h 

A 

A 

t 

q  E 
«i  if 

1 

H 

A 

rr 

A 
if 

A 

A 

• 

1 

if 

*l 

A 

A 

A 
A 

h 

t 

«f 

A 

A 

il 

h 

* 

A 
A 
M 
« 

I 

9 

i 

A 

ii 

^ 

H 

A 

ik 

i 

W 

ii 

\ 

PRIME  NUMBER  FRACTIONS 


TABLB  OF  PROCE-HTJHBER  FRACTIOnS 

The  table  shows  decimal  equivalents  of  common  fractions  having 
prime  numbers  for  both  numerator  and  denominator.    As  an  example, 
suppose  it  is  required  to  find  the  tluead  angle  of  a  worm. 
_,  .   ,       .        I  number  threads 

Tangent  thread  ande  =  -j-. ; — ,  ...  ,  „  ...  ,  ,. 

'  ^        diametral  pitch  X  pUck  diameter 

Find  the  angle  of  a  worm  7  diametral  pitch,  5  threads,  2-inch 
P.  diameter:  Tangent  angle  =  ^X\ 

Then  ham  table 

»  =  0.7143  and  ^^^  =  0.35715 
which  is  the  tangent  (or  19  d^rees  39  minutes. 


pRIltK  NUKBI 

EK  Fractions 

AND  IHEIK  DeCUAL  EqUIVALEKtS 
[Prime  Numbm  Only) 

Si 

s 

i 
1 

i 

7. 

7. 

67 

0 

,. 

47 

4J 

■ 

,.1J40 

:i 

:g 

.fi0O7 

i'S, 

ii 

n 
1 

Jta; 
SSl 

'& 
Si 
g! 

0316 

■.06S; 
:ii 

3 

i 

.043? 

.1040 

:S 

i 

ii 

;ii 

.67:11 

-;°ig 

Si 

,0169 

,.86. 

■i 

i 

ai- 
ls 

X. 

-OMO 

MM 

DtM>muuton  (Prime  Numbcn  Only) 


I  Si 


4  -4IQ4U4a3    ,s6si 
!  .54S4  ..!8li>   '73g>    -I 


^isr* 


by  siracAt  nau^V^^vi? 
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Eqxtivalents  op  Inches  and  Fractions  of  Inches  in  Decimals 

OF  A  Foot 


In. 

o  In. 

1  In. 

2  In. 

3  In* 

4  In. 

5  In. 

A 

.0026 

.0052 
.0078 

.0833 
.0859 

.0885 

^11 

.1667 
.1693 
.1719 

.1745 

.2500 
.2526 
•2552 
.2578 

•3333 
•3359 
•3385 
•3411 

4167 

•4193 
.4219 

^245 

i 

x>i04 
XM30 
•0156 

X}l82 

.0938 
.0964 
^90 
,1016 

.1771 
.1797 
.1823 
.1849 

.2604 
.2630 
.2656 
.2682 

•3438 
.3464 

.3490 
•3516 

4271 

•4297 
•4323 
•4349 

i 

.0208 
-0234 

X)26o 

x>286 

.1042 
.1068 
.1094 
.1120 

.1875 
.1901 

.1927 
•1953 

.2708 

•2734 
.2760 

.2786 

•3542 
.3568 

•3594 
.3620 

•4375 
4401 

.4427 
•4453 

i 

g 

•0339 
•0365 
•0391 

.1146 
.1172 
.1198 
.1224 

.1979 
.2005 
.2031 
.2057 

'  .2813 
.2839 
.2865 
.2891 

.3646 
.3672 
.3698 

•3724 

.4479 

•4505 

"•4531 

•4557 

-0417 

.0443 
/)469 

•0495 

•1253 
.1276 

.1302 

.1328 

.2083 
.2091 

•2135 
.2161 

.2917 

•2943 
.2969 

•2995 

•3750 
•3776 
.3802 
.3828 

-^583 
4609 

•4635 
4661 

i 

8 

^521 

•0547 
•0573 
•0599 

•1354 
.1380 

.1406 
.1432 

.2188 
.2214 
.2240 
.2266 

.3021 

•3047 
•3073 
•3099 

•3854 
.3880 

.3906 
•3932 

4688 

.4714 
4740 
4766 

i 

^25 
.0651 
.0677 
.0703 

.1458 
.1484 

.1510 
•1536 

.2292 
.2318 

•2344 
.2370 

•3125 

•3151 

•3177 
.3203. 

•3958 

•3984 
.4010 

4036 

4792 
.4818 

•4844 
4870 

.0729 
•0755 

.080^ 

.1563 
.1589 

.161S 
,1641 

• 

.2396 

.2422, 

.2448 

.2474 

.3229 

•3255 
.3281 

I   -3307 

.4063 
.4089 

•41 15 
\  .^^^^ 

4896 
4922 
4948 
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Equivalents  of  Inches  and  Fractions  of  Inches  in  Decimals 

OF  A  Foot 


In. 

6  In. 

7  In. 

8  In. 

9  In. 

10  In. 

XI  In. 

A 

.5000 
.5026 

.5078 

.5833 
.5859 
.5885 

•59" 

.6667 
.6693 
.6719 

•6745 

•7500 
.7526 

•7552 
•7578 

•8333 
•8359 
.8385 
^4" 

•9167 

•9193 
^219 

•9245 

1 

.5104 

•5130 
•5156 
.5182 

•5938 

.5964 

•5990 
.6016 

.6771 
.6797 
.6823 
.6849 

.7604 
.7630 
.7656 
.7682 

^438 
.8464 
.8490 
.8516 

•9271 
•9297 
•9323 
•9349 

.5208 

•5234 
.5260 

.5286 

.6042 
.6068 

.6094 
.6120 

.6875 
.6901 
.6927 

•6953 

.7708 

.7734 
.7760 
.7786 

.8542 
^568 

•8594 
.8620 

•9375 
^401 

•9427 

•9453 

k 

•5313 
•5339 
.5365 
•5391 

.6146 
.6172 
.6198 
.6224 

.6979 
•7005 
•7031 
•7057 

•7813 

.7839 
.7865 

.7891 

^646 
^672 
.8698 

^724 

•9479 
•9505 
•9531 
•9557 

•5417 
•5443 
•5469 
•5495 

.6250 
.6276 
.6302 
.6328 

.7083 
.7109 

•7135 
.7161 

.7917 

•7943 
.7969 

•7995 

.8750 
•8776 
.8802 

^28 

•9583 
^609 

•9635 
J9661 

f 
|i 

•5521 
•5547 
•5573 
•5599 

•6354 
.6380 

.6406 

.6432 

.7188 
.7214 
.7240 
.7266 

.8021 
.8047 

•8073 
AD99 

•8854 
^80 

•8932 

J96SS 

•9714 
•9740 
^766 

i 

5 

■  1 

.5625 
.5651 
•5677 
•5703 

.6458 
.6484 
.6510 
•6536 

.7292 
.7318 
•7344 
•7370 

^125 
.8151 
.8177 
^203 

.8958 
.8984 
.9010 
•9036 

•9792 
^818 

.9844 
•9870 

1 

•5729 
•5755 
.5781 

.6563 
.6589 

.6615 

.6641 

•7396 
.7422 

.7448 

•7474 

.8229 

.8255 
.8281 

.9063 
.9089 

^896 
.9922 
\  ^«^ 

iiiilMliiilffl 

eiiMeiiiiiiii 

ilMiigiiMillfi 

IliMiiiliiiii 

ill  iifiii!  fill  B 

itilliljIlimilB 
iilififiini  till  lift 

Hiffiflililillllfli 


L 


~s  <  -^     _  -i  'i  -i     ---:,-;; 


SQUARES  OF  NUMBERS 


1 

iiiiiMiilMiMIMMI 
iiMiiiiiaiilM 
iiiiiiiiiliiilii 


iiiiiiifliiiii 


iiiililillillliii 


iliiiiiiiiiiiiii 


Hiiiiiiiiliiiiiil 


111  ifiitii  fill  iiiiiiiiiaii 


i 


I 
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GENERAL  REFERENCE  TABLES 


Decimal  Equivalents,  Squares,  Square  Roots,  Cubes  and  Cube 
Roots  of  Fractions  ;  Circumferences  and  Areas  of  Cir- 
cles FROM  ij*^  to   I  INCH 


Frac 
tion 


A 
A 

8 

A 
i 


5» 

A 


1 

a 

A 

i 
il 

g 


.015625 

.03125 
.046875 

.0625 

.078125 

.09375 

•109375 

.1250 

.140625 
•15625 
.171875 
•1875 

.203125 
.21875 

•234375 
.2500 

•265625 
.28125 
.296875 
•3125 

.328125 

•34375 

.359375 

•3750 

.390625 

40625 

.421875 

•4375 


.000244 
.0009765 
.002197 
.003906 

.006104 
.008789 
.01196 
.01563 

.01978 
.02441 
.02954 
.03516 

.04126 
.04786 

•05493 
.0625 

•07056 
.07910 
.08813 
.09766 


.1077 
.1182 
.12913 
.1406 


.1526 
.1650 
.17800 
.1914 


,.  ,  -453125  .2053 

H     '4(>»75   J  .2197 

it     '4843751  -2346 
3   1 .5000      1 .2300 


.1250 
.1768 
.2165 
.2500 

.2795 
.3062 

.3307 
•3535 

.3750 

.3953 
4161 

4330 

4507 

4677 
.4841 

.5000 

•5154 
.5303 
.5449 
•5590 

•5728 

•5863 

•5995 
.6124 

.6250 
•6374 

•6495 
.6614 

•6732 
.6847 

.6960 

.7071 


Cube 


.000003815 
.00003052 
.000103 
.0002442 

.0004768 
.0008240 
.001308 
.001953 

.002781 
.003815 
.005078 
.006592 

.008381 
.01047 
.01287 
.01562 

.01874 
.02225 
.02616 
.03052 

•03533 
.04062 

.04641 
•05273 

.05960 
•06705 

.07508 
.08374 

.09304 
.1030 
.1136 
.1250 


Cube 
Root 

Circum. 
Circle 

.2500 

•3150 
.3606 
.3968 

.04909 
.09818 

•1473 
.1963 

.4275 

•4543 
.4782 

.5000 

•2455 
•2945 
.3436 

•3927 

.5200 
•5386 
•5560 
.5724 

.4438 
.4909 
.5400 
.5890 

.5878 
.6025 
.6x66 
.6300 

.6381 
.6872 

.7363 

.7854 

.6428 

•6552 
.6671 

.6786 

•8345 
.8836 

•9327 
.9817 

.6897 
•7005 
.7110 
.7211 

1. 03 1 
1.080 
1. 129 
I.178 

.7310 
.7406 
•7500 
•7592 

1.227 
1.276 

1-325 
1-374 

.7681 
.7768 

1.424 
1-473 

'•'\  \a< 


Area 
Circle 


.000192 
.000767 
.001726 
.003068 


.004794 
.006903 
•009396 
.01228 


•01553 
.01916 

.02321 

.02761 

•03241 

•03758 
.04314 

.04909 

•05541 
.06213 

.06922 

.07670 

.08456 
.09281 
.1014 
.1104 

.1226 
.1296 
.1398 

•1503 

.1613 
.1726 
.1843 


SQUARES,  CUBES  AND  ROOTS 


s- 

Dec. 
Equiv. 

Sqain= 

& 

Cute 

Riot 

■i^rx- 

Ars 

cirtb 

■515625 
■56=5 

it?. 

■ffi 

■730S 
.7500 

■I37' 
■M99 

ilorp 
.8099 
.8:78 
.8255 

..fijo 
t.66q 

.2088 
.2217 
■2349 
.2485 

■578"S 
-S937S 
■60937s 

-33*= 
-3S'S 

Si 

.7806 
.7906 

.1931 
.3093 
■2263 
.1441 

■833' 
■840s 
.8478 
•8550 

i£j6 
1.865 
</,i4 
14,63 

3 

.3068 

1 

.6406^5 
.65625 
.67,875 
■6875 

-4307 
-4514 
■4727 

.8004 
.8101 
.8197 
.829= 

,2629 
.2826 
■3033 
■325° 

.8621 
.8690 

nil 

2.013 
3.063 

2^160 

■3223 
.3382 

■3545 
■37" 

■Jo3"S 
71875 
■731375 
.7500 

■4044 
.5<66 

.5615 

■838s 
.8478 

■34  ?6 
■3713 
■3961 
4219 

.SB,,, 
■8958 
.903 1 
.9086 

■3883 
■4057 
4236 
-t4>8 

! 

■765625 
.78125 

■5862 
.6(04 

.8927 

.9014 

_488 
.4768 
.5060 
■5364 

.9148 
.9710 
.9271 
■9331 

'■4°S 
2-454 
3.503 
2.5S3 

4604 

.5183 

i 

.828125 
.84375 
■8S037S 
.8750 

.6858 
■7  "9 
-7385 
.7656 

.9100 

.9270 
■9354 

■5679 

■9391 
■■1449 
■9507 
■9565 

3.602 

».65. 
2700 
a.749 

■S3S6 

IK 
.6013 

.8906=5 
.90625 
.911875 
.9375 

■7031 
.82.3 
.S409 
.87ay 

■9437 

J)550 

.fjOoi 
.968, 

.7064 

■7443 
.7835 

^62, 
.9677 
■9732 
.97S7 

2.798 
IJ)45 

.6.30 

■6450 
.6675 
.6903 

fi 

■553125 
■96S7S 
■984375 

.goS4 
•W85 
.9690 

.9763 
.9843 
/)92a 

.8659 
.9SW 

/)84I 
.9895 

2.994 
3.04J 

■713S' 

493  GENERAL  REFERENCE  TABLES 

Squakxs,  Cubes,  Sqdase  and  Cube  Roots  of  Nuubers  taov 


No. 

Squan 

Cube' 

RQ.it 

^^. 

Xo, 

Sguait 

c. 

iq. 

Cube 
Boot 

^7 

, 

T^ 

>.«»o 

1601 

.3.6SI        7 

3-70S4 

S 

.40608       ■ 

3"7S63 

1 

li 

64 

1™ 

■'5874 
1.7100 

s* 

J916 
30  IS 

Si 

ni^ 

iss. 

36 

1 

1:^ 

I.8I71 

S6 

3136 

17.56.6      : 

f4?i 

iS 

I 

1.83&. 

s8 

isS 

6<SI 

.1-8709 

3.0801 

,w 

,1481 

305370       7 

3.8930 

» 

™ 

j:.6.3 

1.1S44 

60 

3600 

3i6i>oa       7 

7460 

,.ji66 

JIJ40 

61 

3711 

126081       7 

8102 

3.936s 

S 

!:S 

i.sSft, 

384* 

13B318       7 

63 

96 

64 

i>96 

\^& 

3.464. 

6s 

411s 

J746J5       8 

061, 

4.0J07 

".S'flS 

66 

43S6 

"87496       8 

rii 

67 

44S9 

300763       1 

MZ 

i.m6 

2462 

..358. 

rMBj 

60 

t'b* 

318509      ! 

jS66 

K 

oo 

tooo 

3666 

4..2.3 

"% 

Seis 

rg 

».S43!) 

l\ 

'X 

389017       ! 

«6i 
18s, 

Wfi 

* 

t^a^ 

J.8845 
1.024D 

75 

i 

4J187S       1 

660: 

^■i^ 

a.gfiiS 

76 

43B976       3 

717I 

t'3S8 

i 

gS 

968 

lis 

,l!oj«i 

19 

60B4 
614. 

456533       1 

E 

Sil 

•>» 

000 

l.ioj. 

So 

6400 

S"™       8 

944.5 

4.3089 

9* 

g 

l:S 

IJyia 

I't 

656, 

535441       9 

^ 

:S 

oSo 

5.7446 

S3 

6BS9 

\ini-i     '• 

% 

S-»J'o 

jiHsS 

84 

7056 

r^A  I 

J?^; 

KS 

9« 

86 

?.W6 

636056  9 

4.4140 

i.oBi) 

3.33"' 

8? 

7s6g 

6S8503  0 

3276 

4-4310 

I 

isJSo 

3.3610 

88 

68147'  4 

380! 

tss 

6«. 

™ 

i.'3146 

3.4500 

V 

810Q 

"9™       9 

^8 

4.481,4 

68 

58 

i.1031 

3.418J 

0" 

Sl8l 

S394 

4.4979 

« 

o3S 

i'sm 

3-4760 

63 

^^s^ 

778688       9 

804,,  S7       0 

g 

Issoj 

8836 

830S84       ! 

4.5468 

i,;oSj 

4-5629 

S.7Si3 

b6 

8I3736       0 

7980 

4-JI«fl 

J' 

09 

i.ajs7 

*! 

01=675       4 

8489 

4.S947 

i.0i8> 

3.634J 

o« 

9604 

<99! 

4.6104 

„■*/ 

flp 

■™ 

^*J" 

.*^ 

ST°»^\; 

l«> 

I 
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1 

SijnAHES,  Cubes,  Squaei 

AND  Cube  Roots  of  NniraEas  natt 

No, 

Square 

Cubt 

Sq. 
Root 

s 

K. 

Sq«»r= 

Cubt 

R^ 

s 

^^Z" 

1030301 

10  04M 

4.6S70 

33S01 

Ittl?^ 

17.2833 

10404 

iJijo! 

10.0991 

.3..,3aa 

5:3368 

Ja 

S 

!t?Jg6: 

10,,^ 

'". 

J3716 

3706411 

■2.369; 

IS 

;:i 

;"3 

V,lll'.l 

loljasi 

SI 

"43.16 

I1.49°< 

isiJ 

ii 

;;« 

"11"^: 

10*392: 

tx. 

HS 

MsS 

3869S93 

39443" 

!::iS 

iui 

1188. 

4.7769 

4019670 

.1.609S 

■'° 

.J3IOOO 

ra:3Bli 

Ite 

"Sfel 

4096000 

.3.649. 

itSsI 

111 

nail 

I3e76jl 

■  O.H57 

4,SoS5 

.6. 

3S93. 

4.73781 

.3-6886 

5440. 

;;; 

;:s 

liX' 

10.JB30 
io.6]oi 

4-B303 
4.S346 

163 

36569 

415H3f 

i::l 

IS 

>'k6 

I43IS44 

10.6771 

4.8488 

164 

36896 

11S 

152087} 

10.713! 

4.8S30 

.6; 

lajt 

..6 

iSfloSW 

4.8770 

166 

37556 

45743 0( 

ill 

.36fk) 

i&S 

"is*! 

4.85.D 
4.0B49 

\u 

37880 

4657463 
474.633 

sl?^ 

.0:908; 

4.9187 

.69 

385" 

4S36809 

■rs 

170 

.1400 

1718000 

.8900 

4913000 

13.0J84 

S.S307 

131 

MA4> 

i;7isSi 

11.0000 

4.946. 

17. 

39341 

SOD03,. 

.3,0767 

5,5505 

;j; 

H88i 

iSS 

;j;^; 

',]l 

^9 

508844* 

S.56.3 

Js3?6 

15066.. 

11!  13  s! 

t'^U 

llelijj 

13:190! 

,5:5818 

ISAlS 

ii.iSo; 

■r; 

30635 

13,1388 

i>6 

11? 

;S 

=0^8383 

mIsJS! 

s 

IT* 

177 

309  J  6 

31335 

S45.77( 
S51S'33 

13.1665 

1:1^5^ 

5,6.47 

ii! 

.6381 

ss 

".3137 

S.0397 

.78 

31684 

S639753 

5.6353 

1M41 

II.3S78 

5.0s  iS 

56.157 

.30 

16900 

11,40.8 

s.o«sS 

!SS 

3=400 

5832000 

.i:4i64 

5.6481 

IJI 

17161 

3248091 

"44SS 

5.0788 

18. 

3376. 

'd%& 

.3,4536 

f^l 

IJVW68 

.1:485; 

5.0916 

3353637 

I1.S336 

'83 

-? 

6.38,8, 

5.6774 

J40S10- 

I.,J7Sf 

184 

6139504 

■3.5647 

S.6S77 

;!i 

6331635 

5,6980 

U6 

1S496 

H.s«i 

5:1416 

iJlp 

6434856 

■3:6381 

5.7083 

137 

■«76!> 

3S7US3 

S.15SI 

34969 

6539 'OJ 

.3.6748 

5.7.8s 

.ji 

l6Ss6l! 

Jlijgi 

5.1676 
S.1801 

Ia9 

KS 

l-ltik 

140 

!^ 

.744000 

.1,8333 

36100 

6859000 

''ilt'i 

5.7489 

1,1 

I9SSI 

1B03321 

.1.8743 

5,3048 

191 

364S. 

6067B71 

.3.8703 

3.7S90 

J0.64 

186378! 

11.9164 

36864 

7077B88 

13.B564 

S.7690 

11.9583 

37340 

7189057 

.3-8534 

10736 

'S 

37636 

730.384 

.3.9184 

5,1536 

)n 

741487s 

.3.564; 

146 

"^6 

3il3I3« 

13:0830 

S.l6j6 

184^6 

75105.16 

..600 

317«S33 

JJ0704( 
J.<7Sooo 

|ii 

iS 

38B05 
S930* 

Wood. 

^^ 
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Sqdases,  Cubes,  Squake  and  Cube  Roots  of  NttUBEiis  fbom 


No. 

s,™,. 

Cute 

& 

ss 

No 

Sfiu^ 

Cube 

R^ 

ss 

TO 

40401 

8,«,6= 

.4.1774 

5.8578 

j„ 

6300. 

|S8l325 

■,';.8430 

6.3080 

40801 

14. .11 

5.867s 

63504 

IS.8745 

6.3.6, 

8365417 

.4.14,8 

1:^ 

64005 

16.94.77 

15.9060 

6-3247 

841)9664 

.4.58.9 

645 -6 

16387064 

»: 

4"0=i 

861s. IS 

.4.3.78 

5.8964 

25  s 

650.5 

1658137; 

ii™ 

6.3413 

»6 

4M36 

8741816 

"4.3S17 

.56 

6jsj6 

6.3496 

S 

:i 

as 

.4.387: 

f:^j| 

i 

s: 

1697459; 

rfi^J; 

6:'^? 

«» 

43681 

.4'456i 

5-9345 

6708. 

"■^'i^ 

926™ 

r 

67600 

.7779581 

I   ,.24S 

\^ 

44941 

9^S^i 

\t%: 

5:^6^? 

Si 

17984718 

E6:;864 

4Ji69 

9663 S9/ 

-^^ 

263 

.8.01447 

.6.1173 

6.4070 

45796 

OS00344 

5:9s" 

.64 

69696 

.8399744 

i6..4g. 

5938375 

■  4.66.9 

265 

.8609625 

ii6 

46656 

■OC77696 

M.6969 

.66 

?0756 

.88.1096 

16.300s 

6:«.. 

3 

47089 

lOiiSji. 

;t?a 

6:^s 

Im 

7.189 

.9034163 
19.4883. 

.6.3401 
16.3707 

47961 

14.7986 

169 

71361 

Si 

,8400 

i=64S™o 

14.8314 

6!o368 

.6.4317 

311 

4S841 

1079386. 

14.866. 

6-04S9 

271 

1990.5.. 

.6.462. 

64713 

49.84 

.4.8997 

6.05SO 

73984 

.0,13648 

is 

11089567 

6.0641 

74519 

.0346417 

12"' 

st^ 

6.073. 

75076 

20570814 

.6.S529 

3 

S0695 

6-082. 

.6.583. 

S1076 

■1543176 

je??! 

2lo?^S76 

M7 

11697=83 

.5:066s 

»77 

76729 

16.6433 

6:5187 

JlS 

jijn 

1185135. 

6.1091 

27a 

77.84 

I [48495! 

16.6733 

6.5.65 

.1008989 

(i.i.8o 

77841 

16.7033 

130 

jaeoo 

i5:.6i4 

6-»69 

US 

I.9S1O00 

6.5411 

131 

Sijfil 

..J.630I 

.5.1987 

6..3}a 

iSl 

7896. 

2.188041 

16.763. 

6-5499 

S1894 

6,1446 

W=8<. 

1.649337 

li^ 

6.1534 

■S3 

8^9 

JiMsia? 

l6:8»6 

6:s6j4 

114 
11] 

54756 

iSiS 

6.1611 

80656 

.2906304 
1314912s 

1638  Jo 

\^ 

il6 

556(16 

'sl 

^"^f, 

.3393656 

.6.9.. 5 

6,s88s 

•IJ 

S6.69 

.5:3948 

6:1885 

.87 

8.369 

13639903 

6.596, 

ai8 

s66m 

I348l!7> 

1S8 

82944 

.388787. 

.6!9T06 

6.6039 

10 

S".?^ 

6:^U 

835.1 

14.37569 

6.611S 

576^ 

Ii«J4000 

6.J.45 

J90 

84100 

.+389000 

.7.0.94 

6.6.9, 

141 

sBoBi 

13M)S.l 

15.5.4= 

6..23. 

.5. 

8468. 

.4641.71 

17.0587 

6-6167 

5B564 

14i7'4»8 

JisisI 

6-23.7 

85164 

.489708B 

17.0880 

6.6343 

13 

85849 

6.6419 

i^6 

l«'6?ai 

194 

86«6 

.V:.464 

T& 

I4S 

Ooo.s 

147061); 

■  S.6S.S 

6.. 573 

Bvo.S 

I,5S7J37S 

.7..756 

34S 

14886*36 

15.6844 

6.2658 

.96 

876.6 

.5034336 

17..D17 

6.6»44 

10.08073 

6.6719 

>4a   6tS04  1 

^Vu^ 

6:28l8 

S 

8S804 

.6463591 

14s   Simt  / 

5615000 

3:;; 

6..9.. 
6.^96 

s 

?^Q1 

\  noocnor 

\""*" 

■ 
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495  1 

^SQOAitEB,  CofliB,  Square 

AND  CraE  Roots  of  Numbebs  fkom   ^| 

». 

s,™ 

Cube 

R^ 

S 

No. 

s^ 

Cube 

isu 

Root 

lot 

9=60. 

i;i70c»i 

.7.3454 

6.7018 

351 

.!3io. 

43^4355. 

.8,7350 

7  0S40 

el  104 

17543608 

17-3781 

113004 

18.7617 

7:0607 

fliSoB 

37S1S197 

17.4065 

6.7166 

iia 

.8.7883 

7.0674 

IV' 

S!41( 

»s 

iSs 

6,714° 

lit 

4436186. 

.8.8149 
18.8414. 

J:^ 

u 

woji 

1S6516I6 

6;"IJ 

3J6 

.16736 

t^"aoH 

.8,8680 

7.08,3 

SMS 

IJ.SiK 

6.7460 

3s; 

4S4B5I53 

18.8944 

3oi 

338 

lU^ 

4sS8j7" 

.K.o™ 

J:?SSfi 

g;4S> 

"S 

6;?6^ 

!S 

4616817, 

3>° 

06i«. 

J9701OOO 

6.7679 

119600 

46656000 

.8.973; 

S:!^ 

3" 

9672. 

.iooSojji 

176,51 

6.77SI 

36. 

.3031. 

47045S81 

190000 

.7^663; 

6!7BI4 

361 

;;is 

.9.0,6: 

7:.,6j( 

tl^' 

3^^=^ 

.7-69.! 

6,7897 

363 

47S31.47 

19,0516 

SSS9' 

6.7565 

364 

13 1456 

48118544 

7:^  ■ 

iwiss?! 

1?:?^ 

6.ao,. 

363 

7.146S.  M 

31' 

3>SS4406 

6.8.13 

366 

7.1S3I     ■ 

iJf 

;^ 

31855013 
3  "S  7431 

i7!ao4; 

17.83IO 

6.a.85 

6.ais6 

S 

.346B! 

J^l^- 

ii; 

;::!!;  1 

1017a: 

^"tsIlS 

17.8606 

6.331a 

360 

136161 

7.1T16   W 

310 

.,.8Ji85 

6.8398 

136500 

50653000 

19.1354 

'■""  I 

311 

103041 

33076.6. 

17.916s 

6.S470 

371 

iiS 

5.86481. 

.o.,6.4 

...».  ■ 

1035a. 

6.as4. 

5.47BS.8 

19.287; 

7.19»      V 

f'i 

MO?!'!; 

Ss^ 

6.S611 

6.a6gj 

JM 

ilUTt 

S.80i..7 
5131361- 

;:*  ■ 

33' 

'll^l'l 

34jsai3; 

isioi?) 

3!S 

.406.; 

316 

id6i?6 

3464S076 

.8.05  J  i 

376 

sUsmi 

.=fi9;0 

34065783 

;».^3. 

6:8801 

5358.63: 

15-4'6; 

7.1,40 

3it 

107=84 

3Sia7SSI 

6.8964 

141884 

19-4413 

;2 

i^ 

3561.184 

.sI.Ib. 

6,9034 

379 

.43641 

330 

6.0104 

3S0 

348,10=0 

wiwsl 

33; 

logsei 

3650«6i 

18.1934 

6,0174 

s 

,45161 

56181887 

19:5441 

;:3 

ilSsi; 

Ssij^ 

i'wi 

383 

IJmbJ 

T,,6J1 

i.isjs 

6.538. 

384 

■47456 

365,., -oi 

■5-55SI 

KfJ 

33; 

iisias 

37555375 

.S.303D 

6-94S1 

383 

148113 

57066615 

10.6214 

336 

iwSsXi 

37933056 

386 

.48506 

S7S.i4S( 

.9.6460 

7,, ait 

s 

113S6( 

3817=753 

!a:ii?fi 

6:9589 

1^ 

149769 

19.671; 

7.1874 

3S6.4471 

18,3848 

6.5653 

SS^J 

7.1936 

331 

Ti40ai 

383581 n 

6.9717 

389 

58863869 

7.1999 

11S6.X. 

184391 

30O 

15=100 

SO3.OOO0 

.9.7484 

7.3061     « 

3-1 

661 

6.9864 

39. 

.5=Ba. 

39776471 

10  7737 

,.,..  ■ 

s 

™   sa 

6.9931 

?:^ 

301 

153664 

60136,88 

S"31 

11*° 

06 

60  i 

7.0136 

i 

;g 

(,,:     .. 

i 

13    So 

iS.„ 

68^ 

a  obI 

]7^ 

V^^^-"- 

-'■'  i^ 
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Squaksb,  Cdbes,  SQtTAKB  AND  CoBE  RooTS  or  Ndubebs  fboh 


■51S141H 
'5686967 


'!8S448J 
■S40S7S' 


84017677 


857661-- 
86350888 
86«38j07 
87518384 
SS191115 
88716536 
803 14613 
SgfiisjQl 


sc. 


SQUARES,   CUBES  AND   ROOTS                    497^H 
Sqdares,  Cubes,  Square  and  Cobe  Roots  oe  Ntjmbebs  eboi^H 

5" 
IS 

s 

SI 

Is 
2 

i 
i 

Si 

SS 

*" 

c. 

R»t 

Cuh* 

No. 

Sqmre 

C.8. 

Sq, 

^fl 

is 

li 

367149 
16K3H 

»7'48» 

■iS 

SKS 
1798*1 

sSiofti 

•is 

ii 

"89444 

jg.68< 
"9593* 
109109 

13 16s 1000 
■jj«i»J- 
1357967+ 

IS! 

.3899.831 

'397B»JSB 

l4"3M4' 
MiOSsM; 

3ii 
iiiS 

Is"M76t 

ISJ)io87^ 
■S6st>=«>! 

IS«34°4II 
ISDI1008S 

SS 

161771336 

.ft«69'4g 
.MJ7JDOO 

11-3S30 

I3.40S4 

•Ss 
::'& 

11.5831 

i..fesa 
11.6174 

ig 

.i.aij4 

Pi 

itc^»S 

li 

nst 

SSJS 

oitjor 

i 

7-9048 

13 

8.0363 

8.041  s 
8.0,66 

8,0517 

!3S 

8.0671 

Si 

8,0876 

8.091  r 
8,0978 

!:!S; 

8.1433 

IT. 

is; 

is 

IS 

1 
1 

569 

S8< 

ii 
1 

596 

J0360T 

30S01; 
309136 

iX 

ii 
ii 

313J61 
314900 

i^l 

3i»31( 

III 

?B 
St; 
is 

348100 
34018. 

351836 

ig 

1691.1377 

iiii 

17467687' 
175616000 
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47-9°Q3 

354.66 

66.7588 

i 

583-2' 

85.6084 

I  .85.66 

48.3020 

358-84 

67.1515 

I 

S88.=,T 

lft&«.^^_^ 

i)  .88.^ 

48.69J7 

363-05 

6i.=rw\  'As'^-i^x*?.-^^, 

//  '9'.?5 

40.0874 

367.18    6-jjjjfx)^  \\  ^'w-vi  v^ii?r,?. 

MSI 

49 .480 1 
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Areas  akd  CircuuferenCbs  of  Circles  frou  i 


DU 

a™ 

Circum. 

Dia 

A«> 

Citcum- 

nia 

Ates 

CiruunL 

aS 

6'57S 

87^,646 

l7 

907 .01 

.06.8.4 

40^ 

1256.6 

135.664 

611.36 

88-3573 

914.61 

.□7.30; 

1264.5 

.26.056 

626A1 

88.7500 

921.32 

107.600 

13734 

.26.449 

6j=.36 

89.1417 

93S.06 

107^193 

.280.3 

126.843 

637-94 

S9-5354 

934.8; 

.08.385 

1288.J 

"7 -'35 

043-55 

89.9281 

941.61 

108.788 

1396.2 

.27.637 

649.18 

90.3208 

94842 

109.170 

1304.2 

1  28.030 

656.84 

90-7'3S 

955-25 

■09.563 

■3.1.3 

1184.3 

39 

660.51 

91.1062 

iS 

g62.ii 

.09.956 

■310.3 

138.B05 

666.23 

9M089 

969.00 

.10.348 

13^8.3 

iig.igS 

671.96 

91.8916 

975-91 

..0.741 

13364 

.29.591 

677.71 

92.2843 

982 .84 

1344-S 

i2gj)93 

683-49 

93.6770 

989.80 

..1.537 

.352.7 

130-376 

689.30 

93.0697 

■ 

996.78 

iiijjig 

.360.8 

.30.769 

695-'3 

93-4614 

1003,8 

112.3.2 

1369.0 

13..16. 

70o.g8 

93-8551 

i 

10.0.S 

112.70s 

1377.1 

'3'-SS-t 

30 

706.86 

94.2478 

36 

1017.9 

113.097 

42 

13854 

'31-947 

7,2.76 

94.6405 

.025.0 

.13490 

13937 

i3»-34o 

7.8.6Q 

9S-033' 

1032.1 

113-883 

i3a-73» 

7'4.64 

93-4159 

1039.3 

I14.275 

133-1=5 

730,6! 

95-8186 

1046.3 

114.668 

.4.8.6 

133.518 

736.62 

96.21.3 

1053-5 

115.061 

1427.0 

>33-9'0 

741.64 

"5  454 

1435-4 

"34-3°3 

748.65 

96-9967 

1068,0 

115.846 

1443-8 

.34-696 

3' 

754.77 

97-3894 

37 

lojs.i 

116.239 

43 

1451.1 

135. 08S 

760.B7 

97.7821 

I 

1082.^ 

116.633 

1460.7 

135-481 

766.99 

98.1748 

-. 

to8q.8 

..7/)J4 

1469.1 

135-874 

773-14 

98.5675 

i 

1097.1 

1.74.7 

1477.6 

.36.367 

779-3' 

"°ti 

J 1 7.810 

.486.2 

136.659 

785-5- 

99-35=9 

1494-7 

137-05= 

79' -73 

997456 

1.8:596 

■503.3 

'37.445 

797. g8 

.00.138 

.,16.7 

118.988 

15. '-9 

'37-837 

3' 

804.25 

100.531 

38 

.134.1 

.lg.381 

1520-5 

138.330 

8.0.54 

i 

1.41.6 

"9-773 

1519.2 

138.623 

816.86 

101:3.6 

■ 

1149.. 

120..66 

1537-9 

139-015 

8=3.21 

101.709 

.156.6 

"0-559 

1546.6 

.39408 

829.58 

1.64.3 

130.95. 

'555-3 

139-80. 

835-97 

..71.7 

1 21. 344 

1564.0 

140.194 

\ 

842.39 

.02.887 

"79-3 

131.737 

.572.8 

.40.586 

848.83 

103.280 

.186.9 

ua.ijg 

15S1.6 

.40.979 

33 

855-30 

103.673 

39 

1.94.6 

.32.513 

45 

15904 

i4l-37i« 

i 

861.79 

104.065 

.202.3 

122.915 

i 

1.599.3 

.41-764 

\ 

86S.31 
874^5 

.04458 

.13.308 

\ 

i6o8.i 

■41-157 

ll 

104^5 1 

1317.7 

113.700 

.6.7.=. 

.43.550 

I  SSi-^'  /  '°J-=« 

iaiS-4 

iiA-oqj 

4, 1616J1 

■42.94s 

I  88a.oo  ho^.-                       ,.a 

li4.4»6  \    %\  '''^^ft 

\^«-^iV 

?^^.d^  /r. 

\  ia4Sl&  \    ^\  't--^?.^ 

\v\V1^ 

'tx 

yi^6  J  ■ 
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■"15' 
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Abeas  and  CiRcnicrr.BENCES 

F  Circles  fi 

KOkt    I   TO 

100 

Dia 

a™ 

CLrcum- 

5! 

'    Arw 

Circum, 

Du 

~a;.~ 

ui^uiir 

46 

1661.9 

144.513 

2123.7 

■  63.363 

5a" 

2642.1 

.83.313 

1670.9 

144-906 

2133-9 

163.756 

2653-5 

182.605 

1680.0 

145.399 

164.148 

2664  J, 

.83/^98 

1689.1 

145.691 

'IS4-5 

164.541 

26764 

.83.390 

1698., 

146.084 

3164.8 

164.934 

26S7.8 

183-783 

1707.4 

146.477 

2175.1 

165.336 

2699.3 

184..76 

1716.5 

146.869 

2.854 

165.719 

3710.9 

,84.569 

1 735  7 

147.262 

2.95-8 

166..13 

27224 

.84.961 

47 

1734.9 

'47-655 

53 

3206.3 

.66.504 

59 

2734-0 

185-354 

1744.1 

148.048 

3316.6 

166.897 

2745-6 

185-747 

'753 '5 

148.440 

2227.0 

167.290 

2757-' 

.86.139 

1767.7 

148.833 

2237 -S 

.67.683 

2768.8 

.86.532 

1771. 1 

3348.0 

.68.075 

2780.5 

186.925 

.81.4 

149-618 

2258.5 

16846S 

2792.3 

187-317 

.790.8 

150.011 

2269. 1 

168.861 

2803.9 

.87.7.0 

1800.1 

150404 

3379.6 

'69.253 

2815.7 

188.103 

48 

1809.6 

150.796 

54 

2J90.2 

169.646 

5o 

2827.4 

188.496 

15'.'89 

170.039 

2839.3 

188.S8S 

1818.5 

151-582 

23" -S 

170431 

2851.0 

189.281 

1S379 

'5'-975 

2322.1 

170.824 

2862.9 

.89.674 

1847. ■; 

152-367 

2331.8 

.71.2.7 

2874.8 

.QO.066 

1857.0 

153.760 

2343-S 

171-609 

190459 

1S66.S 

'53-'53 

2354-3 

2898.6 

.90.852 

,876.1 

'53-544 

2365.0 

172.395 

3910.5 

191.244 

.885.7 

15,1-938 

55 

i'375-8 

.72.788 

61 

7933.5 

191-637 

.8g54 

'54-33' 

2386.6 

173.1S0 

2934-5 

ig3j33o 

1905-0 

154-7 '3 

2397 -S 

173.573 

2946.5 

193433 

'914-7 

'55-' '6 

2408.3 

173.966 

2958.5 

'92-8'S 

1934.2 

155-509 

1419-2 

'74.358 

2970.6 

193.208 

1934-J 

155-904 

3430.1 

'74.75' 

2982.7 

.93.601 

1943-9 

2441. 1 

'75.144 

2994.8 

■93-993 

1953.7 

156:687 

2452-0 

175.536 

3006.9 

.94.386 

5° 

'963.5 

157.080 

S6 

2463.0 

175.939 

(a 

3019-1 

194-779 

'973-3 

'57-472 

176.322 

3031-3 

'95-171 

■  983-2 

'57-365 

3485.0 

176.715 

3043-5 

'95-564 

1993-' 

■58.258 

3496.1 

177.107 

3055-7 

'95-957 

200J.0 

.58.650 

2507.2 

177.500 

3068.0 

I96.35'> 

Z012.9 

159-043 

25.8.3 

■  77-893 

3080.3 

196.743 

ioaa.8 

159-436 

33294 

178.285 

3092-6 

>97-'3S 

2033.8 

■59-829 

3540.6 

1J8.678 

3104-9 

197.528 

5> 

3042.8 

160.3J1 

57 

'551-8 

179.071 

S3 

3117-2 

197.930 

2052.8 

160.614 

2563-0 

179463 

3129-6 

198-313 

3062.9 

■  61.007 

2574-2 

179.856 

3142.0 

198.706 

ao73-o 

161 .399 

25854 

■  80.249 

3'S4.5 

.<W.»lS 

3083.. 

161.79a 

»sq6.T 

l&o.{^l\  \\-!,i.ts.^ 

aX^ 

2093.3 

162.(85 

3(KAja 

\.&i.r>3^\   \\V1^ 

162.577 

2619.4 

\,a.^.A  %-i,-^ 

162.970 

_ 

3630.7 

\  iaia2o"_Vjy5 

^== 
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GENERAL  REFERENCE  TABLES 


Areas  and  Circumferences  of  Circles  from  i  to  too 


Dii. 

Area 

Circum. 

Dia. 

Area 

Circum. 

Dia. 

1     Area 

CircunL 

64 

3217-0 

201.062 

70 

3848.5 

219.911  ! 

76 

4536.5 

238.761 

i 

3229.6 

201455 

i 

3862.2 

220.304 

4 

45514 

239-154 

J 

3242.2 

201.847 

1 

3876.0 

220.697 

1 

45664 

239-546 

i 

3254.8 

202.240 

i 

3889.8 

221.090 

i 

4581.3 

239.939 

J 

3267.5 

202.633 

i 

3903.6 

221482 

i 

4596.3 

240332 

t 

3280.1 

203.025 

f 

3917.5 

221.875 

f 

461 1 4 

240.725 

i 

3292-.8 

203418 

i 

39314 

222.268 

} 

46264 

241.117 

i 

3305.6 

203.811 

i 

3945.3 

222.660 

i 

4641.5 

241.510 

65 

Z3^^-3 

204.204 

71 

3959.2 

223.053 

77 

4656.6 

241.903 

i 

ZZZ^'^ 

204.596 

i 

3973.1 

223446 

4 

4671.8 

242.295 

' 

3343.9 

204.989 

1 

3987.1 

223.838 

1 

4686.9 

242.688 

3356.7 

205.382 

I 

4001. 1 

224.231  1 

i 

4702.1 

243.081 

1  ■ 

3369.6 

205.774 

i 

4015.2 

224.624 

i 

4717.3 

243473 

,  . 

33824 

206.167 

f 

4029.2 

225.017 

1 

4732.5 

243.866 

3395.3 

206.560 

i 

4043.3 

225409 

i 

4747.8 

244.259 

3408.2 

206.952 

i 

40574 

225.802 

i 

4763.1 

244.652 

66 

3421.2 

207.345 

72 

4071.5 

226.195 

78 

47784 

245.044 

i 

3434.3 

207.738 

4 

4085.7 

226.587 

4 

4793.7     245.437 

i 

3447-2 

208.131 

1 

4099.8 

226.930 

i 

4809.0 

245.830 

i 

3460.2 

208.523 

i 

41 14.0 

227.373 

i 

48244 

246.222 

i 

3473.2 

208.916 

J 

4128.2 

227.765 

A 

4839.8 

246.615 

t 

3486.3 

209.309 

» 

4142.5 

228.158 

f  4855.2 

247.008 

i 

34994 

209.701 

f 

4156.8 

228.551  i 

ii  4870.7 

247.400 

i 

3512.5 

2iox)94 

I 

4171.I 

228.944 

I 

4886.2 

247.793 

67 

3525-7 

210487 

73, 

41854 

229.336 ' 

79 

4901.7 

248.186 

i 

3538-8 

210.879 

4 

4199.7 

229.729 

4 

4917.2 

248.579 

1 

3552.0 

211.272 

i 

4214.I 

230.122 

\ 

4932.7 

248.971 

i 

3565.2 

211 .665 

f 

4228.5 

230.514 

I 

4948.3 

249.364 

1 

3578.5 

212.058 

i 

4242.9 

230.907 

i 

4963.9 

249.757 

, 

3591.7 

212450 

1 

42574 

231.300 

f 

4979.5 

250.149 

3605.0 

212.843 

i 

4271.8 

231.692 

J 

4905.2 

250.542 

3618.3 

213.236 

i 

4286.3 

232.085 

i 

5010.9 

250^35 

68 

3631.7 

213.628 

74 

4300.8 

232.478 

80 

5026.5 

251.327 

i 

3645.0 

214.021 

4 

43154 

232.871 

4 

5042.3 

251.720 

i 

36584 

214.414 

1 

4329.9 

233.263 

i 

5058.0 

252.113 

i 

3671.8 

214.806 

i 

4344.5 

233.656 

i 

5073-8 

252.506 

i 

3685.3 

215.199 

4 

4359.2 

234.049 

i 

5089.6 

252.898 

t 

3698.7 

215.592 

f 

4373.8 

234.441 

t 

5105.4 

253.291 

1 

3712.2 

215.984 

} 

4388.5 

234.334 

i 

5121.2 

253.684 

3725-7 

216.337 

i 

4403.1 

235.227 

I 

5137. 1 

254.076 

^, 

3739-3 

216.770 

75, 

4417.9 

235.619 

81 

5153.0 

254469 

i 

3752.8 

217.163 

i 

4432.6 

236.012 

4 

5168.9 

254.862 

t 

37664 

"7-555 

J 

44474 

236405 

i 

5184.9 

255.254 

} 

37^-0  , 

2jjxy''* 

2,2 

236.798 

i 

5200.8 

255.647 

ff  3793-7  1 

2"' 

jO 

237  .IQO 
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i  3807^1 

» 

1 

I  237-5^"  ^^     ^^  S^^^-^  X'i^^A^^ 

f/s8»tJ» 

\  2^1                            \%.<^\i^^S»i^ 

^ 

^^'7' 

1 

r* 

c^X-z^TAtS 

AREAS  AND  CIRCUMFERENCES  OF  CIRCLES     S07 


Akeas  a 

ND   ClBCTTMFEBENCES 

p  Circles  n 

on    I   TO 

100 

Dia 

Aim 

Ciroim. 

Qia 

Ar™ 

Circum. 

am 

a™ 

Circura. 

Si 

5.8.. 0 

257.611 

is 

60S1.1 

276460 

)4 

6939.8 

295-3.0 

5=97-' 

358.003 

6099-4 

276.853 

69-;8.2 

295.702 

53' J -3 

358.396 

6256.7 

277.846 

6976.7 

396x195 

5319-4 

258.789 

6134.1 

377.638 

6995-3 

296488 

5345 'fi 

2S9-'8i 

615.-4 

278-031 

7013.8 

296.88! 

536- -8 

3S9-S74 

6168.3 

278.424 

70334 

397.273 

53J8.1 

259-967 

6186.2 

278.816 

7051-0 

297.666 

5394.3 

260.359 

6203.7 

379.209 

7069.6 

298.059 

83 

S41D.6 

160.752 

39 

6221.1 

279.602 

« 

7088.2 

298-451 

5426-9 

=6r.M5 

6=38.6 

i 

7106.9 

298.844 

5443-3 

361.538 

6256.1 

280.387 

J 

7125.6 

299-337 

S4S9-6 

261.930 

6273-7 

280.780 

i 

7144-3 

299.629 

5476.0 

362.323 

281.173 

7163.0 

300.022 

5493-4 

362.716 

6308.8 

381.565 

7.81.B 

300415 

5508.8 

263,103 

6336.4 

181.958 

7200.6 

300.807 

55=5-3 

263.501 

6344.. 

282.351 

72194 

301.200 

84 

554' .8 

263.894 

)o 

6361.7 

282.743 

)6 

7338-3 

301.593 

5558.3 

264. s86 

6379-4 

283.136 

7257.1 

301.986 

1 

5574-8 

264.679 

6397-1 

283.529 

7276.0 

302.378 

55914 

265.072 

6414-9 

283.921 

7294-9 

302.771 

5607.9 

265.465 

6433.6 

284.3.4 

7313-8 

303.164 

56=4.5 

265.857 

6450.4 

284.70; 

7332-8 

303-556 

5641.2 

266.250 

6468., 

735.-8 

303-949 

5657.8 

266.643 

6486/3 

285492 

7370-8 

304.342 

^5, 

5674.5 

267.035 

)■ 

6503-9 

285.88; 

"j 

7389-8 

304-734 

i 

5691-3 

267.438 

6521.8 

286.278 

7408.9 

305 -"7 

5707.9 

267-83. 

6539.7 

7428.0 

305-530 

5734.7 

368.2,3 

6557-6 

287.063 

7447-1 

305-9.3 

5741.5 

168.606 

6575.5 

287456 

7466.2 

306.30s 

5758.3 

26S.999 

6593.5 

287.848 

7485-3 

306.698 

5775-1 

269.393 

66,1.5 

288.24  r 

7504-5 

307-091 

5791-9 

269,784 

66ig.6 

288.634 

7533-7 

307-583 

86 

5808.8 

370.177 

?' 

6647.6 

289.027 

j8 

7543-0 

307.876 

5825-7 

270.570 

6665.7 

389419 

i 

7562.2 

308.269 

5843.6 

270.962 

6683.8 

1 

758.. 5 

308.661 

5859-6 

371.355 

6701.9 

290.105 

7600.8 

309.064 

5876.5 

371.748 

6720.1 

390.597 

7620.1 

309-447 

5893.5 

272.140 

6733.2 

3Q0.99O 

7639-5 

309.840 

S9J0.6 

372.533 

6756-4 

291.383 

7658.9 

310.232 

5927-6 

271.926 

6774-7 

391.775 

7678-3 

3.0.625 

87 

5944-7 

273.319 

)3 

6793.9 

292. 1 68 

?9 

7697-7 

311.018 

i 

5961.8 

373.711 

i 

6811.2 

■292.561 

i 

7717.1 

3.1-410 

i 

5978.9 

274.104 

3 

6829 .5 

393.954 

i 

7736.6 

3.1-803 

1 

5996.0 

374497 

6847.8 

393-346 

i 

n^^.y 

kVl.l.>:^ 

i 

601  I.I 

=74.889 

! 

6866.1 

291-1  w\  ^^Tn^** 

v"-^^ 

//  6064.Q  1 

275.282 

! 

6884.S 

-1  VliVI*? 

375.'57S 
276.067 

J 

6902  .g 
6921.3 
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GENERAL  REFERENCE  TABLES 
a  CiBCinDESENCEs  or  Circles  frou  ic 


»u.. 

Ana. 

Cta„. 

Dlnra. 

Am 

Cirani- 

n-^ 

a™ 

Cimmi. 

lOO 

tWt 

3.4..6 

no 

.,6,.,46 

471.14 

IDO 

3' 41 5 .03 

61S.33 

474.38 

31730,87 

631,46 

BT71.28 

477.51 

634-60 

313.58 

l833s.30 

4»o,66 

637.74 

i4g4.i, 

316.73 

iS6i6,jo 

483.8. 

640.8S 

lO! 

S6^«.OI 

31P.87 

IS! 

iaS69,.9 

486,95 

105 

S44.03 

loA 

156 

106 

647.17 

p 

336:°S 

'S^siii 

33653:5; 
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Abeas  and  Cibcuuferences  of  Circles  from    io 
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SHOP  TRIGONOMETRY 

The  laying  out  of  angles  is  sometimes  difficult  by  ordinary  methods 
and  a  little  knowledge  of  shop  "trig"  is  very  useful  and  much  easier 
than  as  though  we  called  it  by  its  full  name. 


Fig.  2 


Fig.  3 


\ 


It  is  really  a  system  of  constants  or  multipliers  based  on  the  fact 

that  there  are  always  fixed  proportions  between  the  sides  and  angles 

of  triangles  and  other  figures.     Fig.  i  shows  a  30-degree  angle  with 

I,  2  and  3-inch  arcs,  i  c,  2/,  and  3  i.    It  will  be  found  that  every 

similar  measurement  is  in  exact  proportion  to  the   radius,  thus  2  d 

is  exactiy  twice  the  length  of  i  a,  and  h  i  is  just  three  times  b  c.     So, 

//  we  know  the  distance  a  c  for  a  i-inch  radius  for  any  angle,  a  similar 

distance  sls  gi  for  the  same  angle,  w\\\  >ae  m  ^-xa^eV  v'^'^^otNaoxv  \si  the 

radius  of  the  drcle  Hch  is  Vhe  \jasfc.     KW.  ^^c^fc'5«i  ^^w&  ^-^ 

aamed  as  shown  ^  4- 

10 
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The  exact  proportion  of  all  the  various  parts  have  been  figtired 
for  each  part  of  a  degree  that  is  likely  to  be  needed  in  ordinary  work, 
and  these  figures  are  given  in  the  tables  which  follow.  These  num- 
bers are  simply  multipliers  or  constants  for  a  radius  of  one,  and  for 
any  other  radius  we  multiply  the  numbers  given  by  the  radius  we 
arc  usiiig.  These  tables  form  the  most  accurate  means  of  calculating 
many  problems  as  will  be  shown.  These  constants  can  represent 
one  of  anything,  inches,  feet,  meters,  or  miles,  and  the  answer  will 
be  in  the  same  unit.  In  tool  work  they  are  usually  in  inches,  but 
the  relation  is  the  same  regardless  of  the  unit. 


Fig.  4 


Fig.  5 


Angle  is  Always  Taken  each  Side  of  the  Center  Line  as 

Shown 

Lines  1-3  and  1-7  are  called  radius  of  the  circle. 
1-2  is'called  cosine  of  the  angle. 
4-5  is  always  the  same  as  cosine  of  the  angle. 
2-3  is  called  the  versed  sine  of  the  angle. 


4-7  " 

co-versed  sine 

of  the  angle. 

2-5  " 

sine 

«     u         u 

3-6" 

tangent 

U      it              « 

7-8  " 

co-tangent 

tt    (1         (( 

1-6  " 

secant 

({     «          <( 

1-8  " 

co-secant 

tt     tt         tt 

The  names  always  refer  to  the  angle  on  one  side  of  the  center 
line  and  not  to  the  total  or  included  angle.     In  dealing  with  a  60- 
degree  thread  we  divide  this  by  a  center  line  and  call  the  angle  30 
degrees  in  all  our  calculations.     Everything  is  based  on  the  radius 
of  a  circle,  and  a  i  radius  is  used  as  this  base.    Perhaps  the  three 
most  important  parts  are  the  sine^  the  tangerUy  and  \Jaa  seca'wX^^^'a!^ 
being  2-5,  3-6,  and  1-6  in  all  three  oi  lYie  fv^xe^.    '^xwkv  ^^5»s»  >^ 
wjJJ  be  seen  that  the  ane  is  half  the  cbord  01  iCti«i  dSsX^xvofc  Sxoxft.  '^^^ 
radius  to  the  bonzontd.     The  tangent   3-6  \s  \>afc  ^"sXa.^^^  ^^^^ 
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the  horizontal  radius  to  an  extension  of  the  radius  at  the  ang^e  giveii. 
The  secant  is  the  distance  along  the  radius  from  the  center  to  the 
tangent.  From  2  to  3  is  called  the  versed  sine,  and  is  the  distance 
from  the  center  of  the  chord  to  the  outer  circle. 

The  angle  considered  in  this  work  is  always  less  than  90  degrees, 
and  the  angle  between  the  angle  used  and  90  degrees,  or  the  an^ 
which  is  necessary  to  complete  this  to  90  degrees  is  called  the  com- 
plementary angle.  In  the  first  case  the  complementary  angle  is 
60  degrees,  in  the  second  case  45  degrees,  and  in  the  third  case  30 
degrees.  The  co-sine  is  the  distance  4-5,  the  co-tangetU  is  7-8,  Ae 
co-secant  is  i-S,  and  the  co-versed  sine  is  4-7  in  all  three  examples. 
In  the'  45 -degree  angle  it  will  be  seen  that  the  various  parts  are  alike 
in  both  angles,  as  the  sine  is  the  same  as  the  cosine,  while  the  sine 
of  the  angle  of  30  degrees  is  the  same  as  the  cosine  of  the  angle  of 
60  degrees.  These  facts  will  be  borne  out  by  the  tables  and  can  be 
seen  by  studying  the  diagrams  or  by  making  any  calculation  and 
then  proving  it  as  near  as  may  be  on  the  drawing  board. 
'  All  this  is  interesting,  but  unless  it  is  useful  it  has  no  value  to  the 
practical  man,  so  we  wiU  see  where  it  can  be  used  to  advantage  in 
saving  time  and  labor. 

Perhaps  the  easiest  application  is  in  finding  the  depth  of  a  V- 
thread  without  making  any  figures.  The  angle  is  60  degrees  or 
30  degrees  each  side  of  the  center  line.  The  pitch  is  i  inch  so  that 
each  side  is  also  an  inch,  and  so  the  radius  is  an  inch,  the  depth  of 
the  thread  is  the  distance  1-2  or  4-5,  and  is  the  cosine  of  the  angle. 
Looking  in  the  table  for  the  cosine  of  the  angle  of  30  degrees  we 
find  0.86603,  and  as  the  radius  is  i  this  gives  us  the  depth  directly 
as  0.86603  inch.  If  the  radius  was  2  inches  we  would  multiply  by 
2, or  if  it  was  \  inch, divide  by  2  and  get  the  exact  depth  with  almost 
no  figuring.  Suppose,  on  the  other  hand,  that  the  thread  was  one 
inch  deep  and  we  want  to  find  the  length  of  one  side,  the  angle  re- 
maining the  same  as  before.  In  this  case  we  have  the  depth  which 
is  the  line  1-3,  and  we  wish  to  find  1-6  which  is_the  secant,  so  we 
look  at  the  table  again  and  find  the  secant  of  30  degrees  to  be  1.1547 
inches  as  the  length  of  the  side. 

Suppose  you  have  a  square  bar  2 J  inches  on  each  side,  what  is 
the  distance  across  the  comers?  Looking  at  the  second  example 
we  see  that  the  side  of  the  square  bar  is  represented  by  line  1-3  and 
the  comer  distance  by  the  secant  1-6  so  we  look  for  the  secant  of 
45  degrees  (because  we  know  that  half  the  90  degree  angle  of  a  square 
bar  must  be  45  degrees)  and  find  1.4 142  which  woxild  he  the  distance 
if  the  bar  was  one  inch  square,  so  we  multiply  1.4142  by  2}  and  get 
3.5355  inches  as  the  distance  across  the  comers,  and  can  know  that 
this  is  closer  than  we  can  measure,  and  is  not  a  guess  by  any  means. 

Reversing  this  we  can  find  the  side  of  a  square  that  can  be  milled 

out  of  a  round  bar,  such  as  the  end  of  a  reamer  or  tap.    What  square 

can  we  make  on  a  2 -inch  round  reamer  shank?    The  diameter  <rf 

the  bar  is  the  radius  as  1-5  and  the  angle  45  degrees  as  before,  half 

the  side  of  the  square  will  be  the  sine  2-5,  which  the  table  shows 

to  be  o.yoyii,  and  as  this  is  ha\i  t\\e  cYvoid  ^\\\^^  T(va2)i£.<&  tSaa  flat 

across  the  bar,  we  multiply  this  by  2  and  gjfeX.  \.^\^i2*YaOc!e&^&^^ 

distance  across  the  flats  for  a  reamer  sYvaiv^L  ol  \iaa  ^ifc. 
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Suppose  we  have  a  bar  of  ij  X  }-inch  steel  and  want  to  find  the 
distance  across  the  comers,  and  the  angle  it  will  make  with  the  base. 
The  ij-inch  side  is  the  radius,  the  diagonal  is  the  secant,  and  the 
}-inch  side  is  the  tangent  of  the  angle.  Reducing  these  to  a  basis 
of  one  inch  we  have  a  bar  i  inch  by  J  inch  and  the  i  inch  is  the  tan- 
gent of  the  anglp.  Looking  in  the  table  we  find  this  to  be  almost 
exactly  the  tangent  of  26  degrees  and  34  minutes.    With  this  angle 

the  secant  or  diagonal 
is  I.I  180  for  a  radius  of 
I  inch  and  i^  times  this 
gives  1.6797  2^s  the  dis- 
tance across  comers. 

A  very  practical  use 
for  this  kind  of  calcula- 
tion is  in  spacing  bolt 
holes  or  otherwise  divid- 
ing a  circle  into  any 
number  of  equal  parts. 
Fig.  6  It  is  easy  enough  to  get 

the  length  of  each  arc  of 
the  circumference  by  di- 
viding 360  degrees  by 
the  number  of  divisions, 
but  what  we  want  is  to 
find  the  chord  or  the  dis- 
tance from  one  point  to 
the  next  in  a  straight 
line  as  a  pair  of  dividers 
would  step  it  off.  First 
divide  360  by  the  num- 
ber of  divisions  —  say  9 
—  and  get  40  degrees  in 
each  part.  Fig.  5  shows 
this  and  we  want  the 
distance  shown  or  the 
chord  of  the  angle.  This 
equals  twice  the  sine  of 
half  the  angle .  Half  the 
angle  is  20  degrees  and 
the  sine  for  this  is  .342. 
Twice  this  or  0.684  is 
the  chord  of  the  40-de- 
gree  angle  for  every  inch 
of  radius.  If  the  circle  is  14  inches  in  diameter  the  distance  between 
the  holes  will  be  7  times  0.684  or  4.788  inches.  This  is  very  quick 
and  the  most  accurate  method  known. 

Draftsmen  often  lay  out  jigs  with  the  angles  marked  in  degrees 
as  in  l^ig.  6,  overlooking  the  fact  that  the  toolmaker  has  no  conven- 
ient or  accurate  protractor  for  measuring  the  angle.    Assume  tKa.t  ^ 
drawing  shows  three  holes  as  a,  6,  and  c,  m\\\  h  ^tv^  c  ici  ^^'^^^'^ 
apart.     The  distance  from  a  to  b  is  3  incVies,  ^VaX.  N&  "^^  e^Nacasfc 
mm  6  to  c  ot  from  a  to  c? 


Fig.  7 
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As  the  known  radius  is  from  a  to  6,  the  distance  &  c  is  the  tangent 
of  the  angle  and  the  tangent  for  a  one-inch  radius  is  .36397,  so  for  a 
34nch  radius  it  is  3  X  '36397  —  ix>9i9i  inches  from  b  to  c  and  at 
right  angles  to  it. 

But  we  need  not  depend  on  the  accuracy  of  the  square  or  of  the 
way  we  use  it,  as  we  can  find  the  distance  from  a  to  c  just  as  easily 
and  just  as  accurately  as  we  did  b  c.  This  distance  is  the  secant, 
and  is  i/>642  for  a  one-inch  radius.  Multipl)dng  this  by  3  =  3.1926 
as  the  distance  which  can  be  accurately  measured. 

If  the  distance  between  a  and  c  had  been  3  inches,  then  b  c  would 
have  been  the  sine  and  a  b  the  cosine  of  the  angle,  both  of  which  can 
be  easily  found  from  the  tables. 

It  often  happens  that  we  want  to  find  the  angle  of  a  roller  or  other 
•  piece  of  work  as  Fig.  7.  Always  work  from  the  center  line  and  con- 
tinue the  lines  to  complete  the  angle.  Every  triangle  has  the  sides 
and  they  are  called  the  side  "opposite,"  "side  adjacent,"  and  "hy- 
potenuse," the  first  being  opposite  the  angle,  the  second  the  base 
line,  and  the  third  the  slant  line. 

The  following  rules  are  very  useful  in  this  kind  of  work: 

(i)  Sine  =  ^H^  ^J^^'  (6)  Side  Opp.  =  Hypot.  X  Sine. 

(2)  Cosine  -=  — -^  (7)  Side  Adj.  =  Hypot.  X  Cosine. 

(3)  Tangent  -  ^gf^^^  ^d^'       (8)  Side  Opp.  =  Side  Adj.  X  Tangent 

(4)  Co-Tangent  =  g!^^Q^^'    (9)  Side  Adj.  =  Co-Tan.  X  Side  Opp. 
/  \  TLT       *        Side  Opp.        ,     X  TT       .        Side  Adj. 

If  we  have  the  dimensions 
shown  in  Fig.  7,  the  side  opposite, 
and  the  hypotenuse,  we  use 
formula  No.  i ,  and  dividing  2  by 
4  we  get  i  or  .5  as  the  sine  of  the 
angle.  The  table  shows  this  to  be 
the  sine  of  the  angle  of  30  degrees, 
consequently  this  is  a  30-degree 
angle. 

If  we  have   the   side  opposite 
and    the   side   adjacent    we    use 
Fig.  8  formula  No.  3,  and  find  that  |  = 

J  or  .5  =  the  tangent  of  the  angle. 

The  table  shows  this  to  be  the  tangent  of  26  degrees  and  34  minutes. 

Should  it  happen  that  we  only  knew  the  hv'potenuse  and  the  angle 

we  use  formula  No.  6  and  multiply  4  X  .5  =  2,  the  side  opposite. 

In  the  same  way  we  can  find  the  side  adjacent  by  using  formula 

No.  7.    The  cosine  of  30  degrees  in  .866  and  4  X  .866  =  3464 

laches  as  the  side  adjacent. 

Having  a  bar  of  steel  2  by  3  inches,  ¥\f^.  %,  ^\vax\s  >ijQfc  ^^\asi«. 

acnas  the  comers?    Either' formulas  3  or  ^  wfii  axv?wtx  \at  iOm&. 
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Taking  No.  4  we  have  1  as  the  aide  opposite,  3  as  the  side  adjacent. 
Dividing  3  by  2  gives  1.5.  Looking  under  co-tangentB  for  this  we 
lind  1.5003  after  33  degrees  41  minutes,  which  is  nearly  the  correct 
angle.  Then  look  for  the  secant  of  this  and  find  1.1017.  MulU|rfy 
this  by  3  and  get  3.6051  as  the  distance  across  the  comers. 

Complete  tables  of  sines,  tangents,  secants,  etc.,  will  be  on  p 
52y  10  563, 

USIHG  THE  TABLE  OF  REGULAR  POLYGOHS 

The  easiest  way  to  lay  out  figures  of  this  kind  is  to  draw  a  circle 
and  space  it  off,  but  it  saves  lots  of  time  to  Itnow  what  spacing  to  use 
or  how  large  a  circle  to  draw  to  get  a  figure  of  the  right  size.  Suppose 
we  wish  to  lay  out  any  regular  figure,  such  as  pentagon  o'  '■"-"  ■"•'-^ 
figure,  having  sides  ij  inches  long. 
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Looking  in  the  third  column  we  find  "Diameter  of  circle  that  will 
juat  enclose  it,"  and  opposite  pentagon  we  find  1.7012  as  the  circle 
that  will  just  enclose  a  pentagon  having  a  aide  ec^ual  to  i.  This 
may  be  1  inch  or  i  anything  else,  so  as  we  are  dealing  in  inches  we 
call  it  inches.  As  the  side  of  the  pentagon  is  to  be  i}  inches  wc 
multiply  1.7012  by  ijand  get  2.5518  as  the  diameter  of  circle  to  draw, 
and  take  half  of  this  or  the  raxtius  1-2759  >''  'he  compare  to  draw 
the  circle.  Then  with  iJ  inches  in  the  diviile.ca  "«t  sqass.  -iwioSi 
drcle,  and  if  (he  work  has  been  cBreiuM^  Atmc  \V  ■«&,  \msS- Sis\^'"*- 
into  £ve  equal  parts.  Connect  theae  vmnW.  t^  sMKi'^i'.  ■ta*.'*^  «^ 
jviu  have  a  pentagon  with  sides  iJ  incbea  Von^.  | 
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If  the  pentagon  is  to  go  inside  a  circle  of  given  diameter,  say  2 
inches,  look  under  column  5  which  gives  "  Length  of  side  when  diam- 
eter of  enclosing  circle  equals  i,"  and  find  5878.  Multiply  by  2  as 
this  is  for  a  2-inch  circle,  and  the  side  will  be  2  X  .5878  =  1.1756. 
Take  this  distance  in  the  dividers  and  step  around  the  2-inch  circle. 

Assume  that  it  is  necessary  to  have  a  triangular  end  on  a  round 
shaft,  how  large  must  the  shaft  be  to  give  a  triangle  1.5  inches  on 
a  side? 

Look  in  the  tabib  under  column  3,  and  opposite  triangle  find 
1. 1546,  meaning  that  where  the  side  of  a  triangle  is  i,  the  diameter 
of  a  circle  that  will  just  enclose  it  is  1.1546.  As  the  side  is  1.5,  we 
have  1.5  X  1.1546  =  1.7318,  the  diameter  of  the  shaft  required. 
If  the  comers  need  not  be  sharp  probably  a  shaft  1.625  would 
be  ample. 

Reversing  this  to  find  the  size  of  a  bearing  that  can  be  turned  on 
a  triangular  bar  of  this  size,  look  in  column  4,  which  gives  the 
largest  circle  that  will  go  inside  a  triangle  with  a  side  equal  to  i. 
This  gives  .5774.    Multiply  this  by  1.5  =  .8661. 

A  square  taper  reamer  is  to  be  used  which  must  ream  i  inch  at 
the  small  end  and  1.5  at  the  back,  what  size  must  this  be  across  the 
flats  at  both  places  ? 

Under  column  5  find  .7071  as  the  length  of  the  side  of  a  square 
when  the  diameter  of  the  enclosing  circle  is  i ,  so  this  will  be  the  side 
of  the  small  end  of  the  reamer  and  1.5  X  .7071  =  1.0606  is  the 
side  of  the  reamer  at  the  large  end. 

FINDING  THE  RADIUS  WITHOUT  THE  CENTER 

It  sometimes  happ)ens  in  measuring  up  a  machine  that  we  nf.ed 
to  know  the  radius  of  curves  when  the  center  is  not  accessible. 
Three  such  cases  are  shown  in  Figs.  9, 10,  and  11,  the  first  two  being 
a  machine  and  the  last  a  broken  pulley.  In  Fig.  9  the  rule  is  short 
enough  to  go  in  the  curve  while  in  Fig.  10  it  has  one  end  touching 
and  the  other  across  the  sides.  It  makes  no  difference  which  is 
used  so  long  as  the  distances  are  measured  correctly,  the  short  dis- 
tance or  versed  sine  being  taken  at  the  exact  center  of  the  chord 
and  at  right  angles  to  it.  It  is  easier  figuring  when  the  chord  or  the 
hight  are  even  inches,  so  in  measuring  slip  the  rule  until  one  or  the 
other  comes  even;  sometimes  it  is  better  to  make  the  hight  come 
I  inch  and  let  the  chord  go  as  it  will,  while  at  others  the  reverse  may 
be  true.  The  rule  for  finding  the  diameter  is:  Square  half  the  chord, 
add  to  this  the  square  of  the  hight,  and  divide  the  whole  thing  by 
the  hight. 

If  the  chord  is  6  inches,  as  in  Fig.  9,  and  the  hight  i  \  inches  we  have 

h  chord''  +  hight^  _  3^+  ij^  _  9  +  2}  _  11} 

TT-T- = 1 —  — 7 —  =  —r  =  7i  inches. 

hight  ij  ij  ij 

Or  as  shown  in  Fig.  10  the  chord  is  10  inches  and  the  hight  i  inch, 
•  the  Ggures  are 

y-      —  =    ^     — .  =s  26  VneYves, 
z  I 
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In  Fig.  II  we  have  a  piece  of  a  broken  pulley,  and  find  Ihe  chord 
fl  to  be  24  inches,  and  the  hight  ^  Iq  be  3  inches.  This  becomes 
— — — ■  " —  —  -"  74,  so  that  the  diameter  of  the  pulley  is 


<i^'^^~^ 

^P~^4>.J 

D ^- 

Finding  the  Radius  without  Center 
PROPERTIES  OF  REGULAR  FIGURES 


The  Circle 

curved  line  iiaving  every  point  at 


A  circle  is  a 

distance  from  the  r> 

Its  pirimeltr  or  circumference  is  always  3.14159265359  times  the 
diameter,  although  3.1416  is  generally  used  and  3}  is  a  very  close 
approximation. 

Area  equals  the  diameter  squared  X  .7854.  or  half  the  diameter 
squared  X  3.1416,  or  half  the  diameter  X  half  the  circumference. 

Diameter  of  a  square  having  equal  area  =  diameter  of  drcle 
times  .89  very  nearly. 

Triangle 

Equilateral  triangle  is  a  regular  figure  having  three  equal  sides 
and  three  equal  an^es  of  60  degrees  each. 

The  sidt  equals  .866  times  the  diameter  of  enclodng  circle. 

Distance  from  one  side  to  opposite  point  equals  the  side  times 
.866  or  diameter  of  cncloang  circle  X  .75  or  inside  circle  X  ij. 

Diameler  of  enclosing  circle  equals  the  side  times  1.1546  or  i} 
times  distance  from  side  to  p<»nt  or  twice  inside  circle. 
•  Diameter  of  inade  circle  equals  side  tiroes  .t,^^a,OT  X^ie  «BiSiK(fei.% 

Tfe  area  equals  one  side  multiplied  b-j  Kl-seM  wv4  \i-]  y^V^"^'- 
Diameter  of  drcJe  Iiaving  equal  area  eqy^a^a  ^^^^  oi.^-natv^'ac**  - 
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The  Square 

A  square  is  a  figure  with  four  equal  sides  and  four  equal  angles 
of  90  degrees. 

Its  perimeter  or  outside  surface  is  four  times  the  length  of  one  side. 

Area  equals  one  side  multiplied  by  the  other  which  is  the  same  as 
multiplying  by  itself  or  "squaring." 

Diagonal  or  "long  diameter,"  or  "distance  across  comers,"  equals 
the  side  multiplied  by  1414. 

Area  of  circle  that  will  go  inside  the  square  equals  one  side  mul- 
tiplied by  itself  times  .7854  or  .7854  times  the  area  of  the  square. 

Area  of  circle  that  will  just  enclose  the  square  equals  diagonal 
multiplied  by  itself  times  .7854  or  1.27  times  the  area  of  the  square. 

Diameter  of  a  circle  having  an  equal  area  is  1.126  or  practically 
I J  times  the  side  of  the  square. 

The  Hexagon 

A  hexagon  is  a  regular  figure  with  six  equal  sides  and  six  equal 
angles  of  120  degrees.  It  can  be  drawn  inside  a  circle  by  spacing 
around  with  the  radius  of  the  circle. 

The  side  equals  half  the  diameter  of  enclosing  circle. 

The  long  diameter  equals  diameter  of  enclosing  circle  or  twice  the 
length  of  one  side. 

The  short  diameter  equals  the  long  diameter  multiplied  by  .866 
or  1.732  times  one  side. 

The  area  equals  one  side  multiplied  by  itself  and  by  2.5981. 

The  area  of  enclosing  circle  is  one  side  multiplied  by  itself  and 
by  3.1416. 

The  area  of  an  inside  circle  is  the  short  diameter  multiplied  by 
itself  and  by  .7854. 

Diameter  of  circle  having  equal  area  is  practically  .9  times  long 
diameter.  ' 

The  Octagon 

An  octagon  is  a  regular  figure  with  eight  equal  sides  and  eight 
equal  angles  of  135  degrees. 

The  side  equals  the  long  diameter  multiplied  by  .382. 

The  side  equals  the  short  diameter  multiplied  by  .415. 

The  long  diameter  equals  diameter  of  enclosing  circle  or  one  side 
multiplied  by  2.62. 

The  short  diameter  equals  the  long  diameter  multiplied  by  .93, 
or  one  side  multiplied  by  2.45. 

The  area  equals  one  side  multiplied  by  itself  and  by  4.8284. 

The  area  of  enclosing  circle  is  1.126  times  area  of  octagon. 

The  area  of  inside  circle  is  .972  times  area  of  octagon. 

The  diameter  of  a  circle  having  equal  area  is  .953  times  the  long 
diameter  of  the  octagon. 
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.50769 

1.96969 

:51984 

I.M7J4 

S« 

46  Sg 

.48610 

205637 

.50S06 

.,06817 

JJ 

4«  II 

.4S663 

105483 

.50843 

1,96685 

1.8846^ 

S8 

4660 

.4870. 

.50B70 

1,06<44 

i' 

.4601 

...46.4 

.48737 
48773 

loHsi 

.50916      IJ^Wl 
.50953  \-.  .1^6. 

fe\^ 

i^^ 

4 

o-r,J 
66 

Ta«.     fco-TAN. 

1°  "*' 

f^W 

=1 

^ 

^H 

536     NATURAL  TANGENTS  AND  CO-TANGENTS 


o 

I 

8 
3 
4 
S 
6 

7 
8 

9 
zo 

XI 
12 

13 
14 
IS 
i6 

17 
x8 

19 
ao 

31 
33 
33 
24 

as 

36 

37 

38 
39 

30 

31 
32 

33 
34 
3S 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 


28*' 
Tan.     Co-tan. 


.53171 
.53208 

•53246 
•53283 
•S3320 
.53358 
•53395 
•53432 
.53470 
.53507 
•53545 
.53582 
.53620 
.53657 
.53694 
53732 
.53769 
•53807 

.53844 
.53882 

.53920 

.53957 
.53995 
.54032 
.54070 
.54107 
.54145 
•54183 
.54220 

.54258 
•54296 

•54333 
.54371 
.54409 

•54446 
.54484 

•S4S22 

•54560 
•S4597 
•54635 
.54673 

•S47II 
•54748 
.54786 
•54824 
.54862 
.54900 
•54938 
•54975 
.55013 
•55051 


.88073 
.87941 
.87809 

.87677 
•87546 

.87415 
.87283 

.87152 
.87021 
.86891 
.86760 

.86630 
.86499 
.86369 
.86239 
.86109 

•85979 
.85850 
.85720 

•85591 
.85462 

.85333 
.85204 

.85075 
.84946 
.84818 
.84689 
.84561 
•84433 
.84305 
.84177 
.84049 
.83922 

•83794 
.83667 
•83540 

•83413 
.83286 

■83159 
•83033 
.82906 

.82780 
.82654 
.82528 
.82402 
.82276 
.82x50 
.82025 
.81899 
.81774 
.81649 

.8x524 
.81399 
.81274 
.8XX50 
.8x025 
.80901 

.80777 
.80653 
80S29 
1. 8040s  I 


29° 

Tan.  Co-tan. 


•SS43I 
•55469 
•55507 
•55545 
•55583 
•55621 

•55659 
•55697 
•55736 

•55774 
•558x2 

•55850 
•55888 
•55926 

.55964 
.56003 
.5604  X 
•56079 
.56x17 
.56x56 

•56194 

.56232 
.56270 
•56309 
•56347 
•56385 
•56424 
.56463 
.56500 
•56539 
•56577 
.566x6 
•56654 
•56693 
•56731 
•56769 
.56808 
.56846 
•56885 

•56923 
.56962 

.57000 

•57039 
•57078 
.57x16 

•57155 
.57193 
•57232 
•57271 
•57309 
•57348 

•57386 
•57425 
•57464 
•5V503 
•57541 
•57580 

•57619 
.57657 
.57696 
■57735 


.80405 
.80281 
.80x58 
.80034 
.799x1 
•79788 
•7966s 
•79542 
.79419 
.79296 

.79174 

.79051 
.78929 
.78807 
.78685 
.78563 
.78441 
.78319 
.78x98 

.78077 
•77955 

•77834 
•77713 
•77592 
.77471 
•77351 
•77230 
.77XXO 
.76990 
.76869 
•76749 
.76630 
.76510 
•76390 
.76271 
•76XSX 
•76032 

•75913 
•75794 
•7567s 
•75556 

•75437 

•75319 
.75200 
.75082 
.74964 
.74846 
•74728 
.746x0 
.74492 
•74375 

•74257 
•74140 
.74022 

•73905 
.73788 

.73671 
•73555 
.73438 
•73321 
.73205 


30« 
Tan.     Co-tan. 


.57735 
.57774 
.578x3 
.57851 
•57890 

•57929 
•57968 
.58007 
.58046 
.58085 
.58x24 

.58x62 
.5820  X 
.58240 
.58279 
.58318 

.58357 
.58396 
.58435 
•58474 
•58513 

•58552 

•58591 
.58631 
.58670 

•58709 
•58748 
•58787 
.58826 

.58865 
•58904 
.58944 

•58983 
•59022 
.5906  X 
.59101 
.59140 

•59179 
.59218 

.59258 
.59297 

.59336 
.59376 
.59415 

•59454 
59494 

.59533 
59573 

.596x2 

.59651 
•59691 

.59730 
.59770 
.59809 
.59849 
.59888 
.59928 

.59967 
.60037 
.60046 
.60086 


.73205 
.73089 
.72973 
.72857 
•72741 
.72625 

•72509 
•72393 
.72278 
.72x63 
•72047 

•71932 
.718x7 
.7x702 
.71588 

•71473 
•71358 
.7x244 
.71x29 
.7x0x5 
.7090X 

•70787 
.70673 
.70560 
.70446 
•70332 
.702x9 
.70x06 
.69992 
.69879 
.69766 

.69653 
.69541 
.69428 
.69316 
.69203 
.69091 
.68979 
.68866 

.68754 
.68643 

.68531 
.68419 
.68308 
.68196 
.68085 

.67974 
.67863 
.67752 
.67641 
■67530 

.67419 
•67309 
.67198 
.67088 
.66978 
.66867 
■66757 
.66647 
.66S38 
1  .(>()42;% 


Tan.  I  Co-tan. 


.60086 
.60126 
.60x65 
.60205 
.60245 
.60284 
.60324 
.60364 
.60403 
.60443 
.60483 

.60522 
.60562 
.60602 
.60642 
.6o68x 
.6072  X 
.60761 
.6080X 
.60841 
.6088  X 

.6092  X 
.60960 
.61000 
.6x040 
.61080 

.6XX20 

.6xx6o 
.6x200 
.6x240 
.6x280 

.61320 
.6x360 
.61400 
.61440 
.6x480 
.61520 
.61561 
.6160X 
.6164X 
.61681 

.61721 
.61761 
.61801 
.61842 
.61882 
.61922 
.61962 
.62003 
.62043 
.62083 

.62124 
.62164 
.62204 
.62245 
.62285 
.62325 
.62366 
.62406 
.62446 


.66428 
.66318 
.66309 
.66099 
.65990 

.6588  X 

.65772 
.65663 

•65534 
•65445 
•65337 
.65228 
.65x30 
.65011 
.64903 

•64795 
.64687 
•64579 
.64471 
•64363 
.64256 

.64x48 
.6404  X 

■63934 
.63826 

•63719 
.63613 

•6350S 
•63398 
.63292 

.63185 

•63079 

.62972 

.62866 

.62760 
.62654 
.62548 

.62442 
.62336 
.62230 
.62125 

.620x9 
.619x4 

.61808 
.61703 
.61598 

•6x493 
.6x388 
.6x283 

.6x179 
.61074 

.60970 

.60865 

.60761 
.60657 
•60553 
60449 

60345 

6024  X 

60137 


o-TAJv. '     Tan.     Co-tan.      Tan. 
61  o  '/     60° 
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■ 

320 

33" 

34= 

35' 

Tab. 

CO-TAl.. 

T*H- 

Co  .TAN. 

Tan. 

C0-IA«. 

Tan. 

Co-TAK. 

~ 

,62487 

IA«33 

.64041 

I.530S6 

.67451 

M81S6 

7001. 

1.418.5 

6a 

.6408:. 

I-S3888 

JS7403 

1.48163 

^70064 

I.4171S 

:6jJm 

lisoS>6 

.67536 

I.4S070 

..41638 

l\ 

if^i 

MieSl 

*7.<7a 

1.47077 

:6l649 

lilSSlo 

.65196 

.67610 

1.47883 

.70104 

1.41461 

si 

.OjSSo 

«S148 

J7M3 

.70138 

* 

.61730 

,6S1«0 

■  '47600 

.701S1 

!:3«B6 

7 

.6»,o 

^i'l' 

iVi% 

.70313 

141198 

& 

JilSlT 

l.S9»8 

-6ji7» 

.67700 

.70368 

.6=83= 

inu 

.6783= 

.6.Sg. 

J5535S 

J5787S 

■S'ojj 

..SSooo 

.6535? 

1. 5 JO 13 

.67017 

1.47138 

1.4.847 

Ji:,g7j 

1.S8TB7 

Ji5438 

I.JJ816 

.67060 

1.47146 

.70541 

4( 

.630.4 

1.58605 

.65480 

.6B003 

.70586 

.Sjais 

■.58503 

1"" 

!"*'*" 

ffli 

1:^6^1 

.,0610 

M.S84 

J 

IS 

.63D9S 

:Jis 

..468,0 

.7067] 

■  6 

/i]ij6 

1-S14»0 

.-46,78 

,63177 

I.S8IM 

if^ 

.6S173 

M6686 

!joJfa 

,63117 

I.58IS4 

.68115 

.70B04 

13JJS 

>. 58083 

.65710 

.68158 

m6so3 

.70848 

MIM8 

i-sroBi 

.6577' 

1.5J043 

^830. 

1.4641. 

.70891 

1.4.06. 

15 

1,57870 

.658.3 

■6S3,3 

1.463" 

1.40074 

39 

1.57778 

.6S8S4 

..51850 

Ji83S6 

1.46119 

.-40887 

3I 

,634" 

1.57676 

*5895 

;m 

.68419 

M6.37 

.71013 

i.4°aco 

.63461 

J»47i 

■  .46046 

.71066 

3" 

Ji3Ii03 

1.5 1561 

.685.4 

1J0617 

.6 

.6iS44 

1.51466 

.68357 

.":tss6j 

•:tIIj4 

n 

.63SS4 

Ji6a63 

.68600 

.71108 

i3 

.6j6lJ 

.68641 

Usesi 

1.40367 

.63666 

1.57061. 

.6B6S3 

1.401st 

.63707 

1.56,60 

M.B^ 

.68718 

3- 

I.56S68 

.6613° 

1-S00B8 

.68771 

1.5676J 

Ji637I 

.688.4 

..56667 

A63.4 

.68857 

.7.461 

isi 

'; 

.63a J 1 

..56566 

.66356 

1.50701 

i*«oo 

16 

.63019 

..56466 

A63B8 

1.S0607 

.68041 

\.zn 

1.30764 

3* 

.63053 

1-56366 

n% 

.6S0S5 

1.56165 

.&»iS 

..4486S 

.7.637 

38 

ioJS^ 

l.ifl.6s 

.663.4 

.690,. 

l-t4778 

.71681 

^4076 

t.56065 

M566 

1.50118 

.69.14 

..4468S 

.64..  J 

1.55066 

.66608 

J>0157 

..44508 

.71760 

.:39336 

.64.58 

1.53866 

.6663= 

..30038 

J.,™. 

..44508 

..39150 

'0 

,64100 

1.55766 

■66O91 

iS 

.69143 

1. 441 18 

.71857 

1.30.65 

.f 

A1140 

..5366S 

.66734 

Ji9i86 

i:S 

Ji4=B, 

1.55567 

.69310 

;71046 

,6 

,64311 

i;4066i 

Aw  71 

46 

AlJftJ 

!:ss368 

..3os» 

iS.6 

.'ZZ 

:|| 

4? 

«4404 

i.SSi6g 

.69450 

\s 

4" 

a 

li«1?8 

i;|i 

40 

J»0B6 

1.40.84 

IS 

A,S18 

JS7018 

1.49100 

..43703 

..38484 

Ji4S6o 

1.  4873 

A)63i 

I.436N 

J545IO 

..  4774 

^7113 

.696?S 

143515 

.:3S3'4 

8 

*46S1 

..  4673 

mSibo 

Ji97i8 

.-13436 

Sg 

.-38110 

A,603 

1.4Srt 

inlj 

1J88.6 

...18.45 

■64J34 

1-  4478 

1. 48711 

.43158 

..38060 

S7 

ffl! 

\:l?A', 

I?Jbi 
.673"4 

iffl 

:^j 

;::ffl 

:?is" 

;:!;g 

', 

58 

JI48SS 

'  54183 

4S7366 

..4844. 

.60034 

» 

J)480O 

1.5408s 

.67400 

>. 48)46 

\vS\ 

\'v'^w"\ 

J«w. 

..J3086 

.67451 

1.4Bis6\i.™.. 

\-i.-i-\t.*.\ 

^/ 

57 

.-/ 

5 

..•'"• 

lp.-T^ 

55°  "* 

-^ 

*. 

53^     NATURAL  TANGENTS  AND  CO-TANGENTS 


o 

I 
a 
3 
4 
5 
6 

7 
8 

9 
xo 

iz 

13 

13 
14 
IS 
x6 

17 
i8 

19 

20 

21 
22 
23 
24 
25 

a6 

27 
28 
29 

30 

31 
32 

33 
34 
35 
36 
37 
38 

39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


360 
Tan.     Co-tan. 


72654 
72699 

72743 
72788 
72832 

72877 
7393  z 
73966 
73010 

73055 
73100 

73144 
73189 
73234 
73278 

73323 
73368 

73413 
73457 
73502 

73547 

73592 
73637 
73681 
73726 

73771 
73816 
73861 
73906 
73951 
73996 

74041 
74086 

74131 
74176 
74221 
74267 
74312 

74357 
74402 

74447 

74492 
74538 

74583 
74628 

74674 
74719 
74764 
74810 

74855 
74900 


37638 
37554 
37470 
37386 
37302 
37218 

37134 
37050 
36967 
36883 
36800 

36716 
36633 

36549 
36466 

36383 
36300 
36217 

36133 
36051 
35968 

35885 
35802 

35719 

35637 

35554 

35472« 

35389 

35307 

35224 

35142 
35060 
34978 
34896 
34814 
34732 
34650 
34568 

34487 
34405 
34323 

34242 
34160 
34070 
33998 
33916 

33835 
33754 
33673 
33592 
33511 

33430 
33349 
33268 
33187 

33107 
33026 
32946 
32865 
3^785 
32704 


Tan.  Co-tan. 


75355 
75401 

75447 
75492 
75538 

75584 
75629 

75675 
75721 
75767 
75812 

75858 
75904 
75950 
75996 
76042 
76088 

76134 
76180 
76226 
76272 

76318 

76364 
76410 
76456 
76502 
76548 

76594 
76640 
76686 
76733 

76779 
76825 
76871 
76918 

76964 
77010 

77057 
77103 
77149 
77196 

77242 
77289 

77335 
77382 
77428 
77475 
77521 
77568 

77615 
7766T 

77708 

77754 
77801 
77848 
77895 
77941 
77988 

78035 
7S0S2 
78129 


32704 
32624 

32544 
32464 

32384 
32304 
32224 

32144 
32064 

31984 

31904 

3182s 

31745 
31666 
31586 
31507 
31427 
31348 
31269 

31190 
31110 

31031 
30952 
30873 
30795 
30716 
30637 
30558 
30480 
30401 
30323 

30244 
30166 

30087 
30009 

29931 
29853 
29775 
29696 
29618 
29541 

29463 
29385 
29307 
29229 
C9152 

29074 
28997 
28919 
28842 
28764 

28687 
28610 
28533 
28456 

28379 
28302 
28225 
28148 
28071 
27994 


38° 
Tan.  Co-tan. 


8129 

8175 
8222 
8269 
8316 

8363 
8410 

8457 
8504 
8551 
8598 

864s 
8692 

8739 
8786 

8834 
8881 
8928 

8975 
9022 

9070 

9117 

9164 
9212 

9259 
9306 

9354 
9401 

9449 
9496 
9544 

9591 
9639 
9686 

9734 
9781 
9829 

9877 

9924 

9972 

80020 

80067 
80115 
80163 
.80211 
80258 
80306 

80354 
80402 
80450 
80498 
80546 

80594 
80642 
80690 
80738 
80786 

80834 
80882 
80930 
8097a 


27994 
27917 
27841 
.27764 
37688 
37611 

27535 
27458 
27382 
27306 
27230 

27153 
27077 
27001 
26925 
26849 

26774 
26698 
26622 
26546 
26471 

2639s 
26319 
26244 
26169 
26093 
26018 

25943 
25867 
25792 
25717 
25642 

25567 
25492 
25417 
25343 
25268 

25193 
25118 

25044 
24969 

24895 
24820 

24746 
24672 

24597 
24523 
24449 
24375 
24301 
24227 

24153 
24079 
24005 

23931 
23858 
23784 
23710 

23637 
23563 
.234^ 


39« 
Tan.  Co-tan. 


A5978 
.81027 

•8107s 
^1x23 
.8117Z 
.81220 
.81268 
.81316 
•81364 

•81413 
.81461 

.81510 
•81558 
.81606 

.81655 
.81703 
.81752 
.81800 
.81849 
.81898 
.81946 

.81995 
.82044 
.82092 
.8214Z 
.82190 
.82238 
.82287 
.82336 
.82385 
•82434 
.82483 

.82531 
.82580 
.82629 
.82678 
.82727 
.82776 
.82825 

.82874 
.82923 

.82972 
.83022 
.83071 
.83120 
.83169 
.83218 
.83268 

.83317 
.83366 

.83415 

.83465 
•83514 
•83564 
.83613 
.83662 
.83712 
.83761 
.8^811 
.83860 


•23490 
.33416 

•a3343 
.33270 
.23196 
.23133 
.33050 
.33977 
.03904 
.33831 
.33758 

.22685 
.22612 
•22539 
.22467 
.22394 
.22321 
.22249 
.22176 
.22104 
.22031 

.21959 
.21886 
.21814 
.21742 
.21670 
.21598 
.21526 

.21454 
.2x382 
.2x3x0 

.21338 
.21x66 
.21094 
.21023 
.20951 
.20879 
.20808 
.20736 
.20665 
•20593 

.20522 
.2045  X 

.20379 

.20308 
.20237 
.20166 
.20095 
.20024 

.19953 
.19882 

.198IX 

.19740 

.19669 

.19599 
.19528 

•19457 
.19387 
.19316 
.19246 


'Co'TAN.i    Tan.    IICo-tan 
d3<>  II  52 


Tan.  Co-tas.a  Tkn. 
o     II'     510 
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Tan.     Co-tan. 


.83910 
.83960 
.84009 

.84059 
.84108 
.84158 
.84208 
.84258 
.84307 
.84357 
.84407 

.84457 
.84507 
.84556 
.84606 
.84656 
,84706 
^4756 
.84806 
.84856 
.84906 

•84956 
.85006 

.85057 
.85107 

.85157 
.85207 

.85257 
.85307 
.85358 
.85408 

.85458 

.85509 

.85559 
.85609 

.85660 
.85710 
.85761 
.85811 
.85862 
.85912 

.85963 
.86014 

.86064 

.86115 

.86166 

.86216 

.86267 

.86318 

.86368 

.86419 

.86470 
.86521 
.86^72 
.86623 
.86674 
.86725 
.86776 
.86827 
.86878 
.86q2q 

JCO-TAS   / 


19175 
19105 
19035 
18964 

18894 
18824 

18754 
18684 
I86I4 
18544 
18474 

18404 

18334 
18264 

I8I94 

1812s 

18055 
17986 

I79I6 

17846 
17777 
17708 

17638 

17569 
17500 

17430 
17361 

17292 
17223 
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.98676 

.98671 
.9S667 
.9S663 

.98657 
.98653 
.98648 
.98643 
.98638 
•98633 

.98639 

.98634 

.98619 

.98614 

.98609 
.98604 
.98600 

•98595 
•98590 
.98S85 
.98580 

•98575 
.98570 
.98565 
.98561 
.98556 
.98551 
•98546 
•98541 
•98536 
•98531 
.98526 
.98521 
^)8si6 

.98511 
.98506 
.98501 
.98496 

.98491 
.98486 
.98481 


Sine   Cosine 


736s 
7393 
7433 

7451 

7479 
7508 

7537 
756s 
7594 
7633 
7651 

7680 
7708 

7737 
7766 

7794 
7833 
7853 
7880 

7909 
7937 
7966 

7995 
8033 

8053 
8081 
8109 
8138 
8166 

8195 
8334 

8353 
8381 

8309 
8338 
8367 
8395 
8434 
845a 
848X 

8509 
8538 
8567 
859s 
8634 
8653 
8681 
8710 
8738 
8767 
8795 

8834 
8853 
8881 
8910 
8938 
8967 
8995 
9024 
9053 
9081 


.98481 
•98476 

.98471 
.98466 
.98461 

•98455 
•98450 
•98445 
98440 
9843s 
98430 

•9842s 
98430 

•98414 
98409 
98404 
98399 
98394 
98389 
•98383 
98378 

98373 
98368 
98363 

98357 
98352 
98347 
98341 
98336 
98331 
98325 
98320 

98315 
98310 

98304 
98299 

98294 
98288 

^283 
98377 
98273 

98367 
98361 
98356 
98350 

9824s 
98240 

•98234 
98239 
98223 
98218 

98213 
98307 
98301 
98196 
98190 
98185 
98179 
98174 
98168 

98163 


1] 

[<" 

120     1 

Sine 

Cosine 

Sine 

Cosine 

.1908., 

.98163 

1 
.30791 

•9781 5 

.19109 

•98157 

.30830 

.97809 

.1913- 

.98153 

.30848 

.97803 

.19167 

.98146 

.30877 

•97797 

.191^..' 

.98140 

.30905 

•97791 

.19334 

•98135 

.20933 

•97784 

.19252 

.98139 

.30963 

■97778 

.19381 

.98134 

.30990 

•97772 

.19309 

.98118 

.31019 

.97766 

•19338 

.98113 

.31047 

..97760 

<I9366 

.98107 

.3x076 

•97754 

.19395 

.9810X 

.31104 

.97748 

.19423 

.98096 

.31133 

.97742 

.19452 

•^2° 

.31161 

.97735 

.19481 

.98084 

.3x189 

•97729 

.19509 

•98079 

.21218 

•97723 

•19538 

•98073 

.31346 

•97717 

.19566 

.98067 

.31375 

.97711 

•19595 

.98061 

.31303 

•97705 

.19623 

.98056 

.21331 

.97698 

.19652 

.98050 

.3x360 

.97693 

.19680 

.98044 

.3x388 

.97686 

.19709 

.98039 

.2x417 

.97680 

•19737 

•98033 

.3X445 

•97673 

.19766 

.98037 

.31474 

•97667 

•19794 

.98031 

.3x503 

.9766X 

.19833 

.98016 

.3x530 

•9765s 
.97648 

•19851 

.98010 

.215.59 

.19880 

.98004 

.21587 

.97642 

.19908 

.97987 

.3x6x6 

.97636 

•19937 

.97993 

.31644 

•97630 

.19965 

.97987 

.31673 

.97633 

•19994 

•97981 

.3X70X 

.97617 

.30033 

•97975 

.3x739 
.21758 

.97611 

.30031 

.97969 

.97604 

.30079 

.97963 

.31786 

.97598 

.30108 

.97958 

.31814 

.97592 

.30136 

.97952 

.31843 

.97585 

.30165 

.97946 

.31871 

.97579 

.30193 

.97940 

.3x899 

.97573 

.30333 

•97934 

.31938 

•97566 

.30250 

.97928 

.3x956 

.97560 

.30379 

.97922 

.21985 

.97553 

.30307 

.97916 

.33013 

•97547 

.30336 

.97910 

.33041 

•97541 

.30364 

.97905 

.33070 

•97534 

•20393 

.97899 

.33098 

•97528 

.30431 

.97893 

.33X36 

•97521 

.30450 

.97887 

.22x55 

.97515 

.30478 

.97881 

.23183 

.97508 

.30507 

.97875 

.33313 

•97502 

.20535 

.97869 

.33340 

•97496 

.30563 

.97863 

.33368 

.97489 

.20593 

.97857 

.33397 

•97483 

.30620 

.97851 

.33335 

•97476 

.20649 

.97845 

.22353 

•97470 

.20677 

•97839 

.23383 

.97463 

.30706 

•97833 

.32410 

■97457 

•30734 

•97827 

.33438 

•97450 

.30763 

.97821 

.32461 

I  ^'\^^^  * 

.20701 

i  .oi*\s 

^  .aaAi<>^ 

\  «5^\^■!n 

60 

59 
58 
57 
S6 
5S 
54 
S3 
52 

51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

39 

38 

27 
36 

2S 

24 
23 

33 

3X 
30 

19 
18 

17 
16 

IS 
14 
13 
13 
II 
XO 

t 

7 
6 

5 

4 
3 

2 


'  I  Cosine  I   Sine   11  Cosine 
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Sine 


Cosine  »    Swe. 

78P 
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NATURAL  SINES  AND  COSINES 


o 
I 

2 

3 

4 
S 
6 

7 
8 

9 
lo 


13° 

Sine   Cosine 


.22495 

.22523 

•22552 

.23580 

.22608 

.22637 

.22665 

.22693 

.22722 

.22750" 

.22778 


zi  .22807 

12  .22835 

13  .22863 

14  .22892 


IS 

.22920 

16 

.22948 

17 

.22977 

18 

.23005 

19 

.23033 

30 

.23062 

31 

.23090 

33 

.23118 

23 

.23146 

24 

•2317s 

25 

.23203 

36 

•23231 

37 

.33360 

38 

.33288 

39 

.23316 

30 

.23345 

31 

.23373 

32 

.23401 

33 

.23429 

34 

•23458 

35 

.23486 

36 

.23514 

37 

•23542 

38 

•23571 

39 

•23599 

40 

^3637 

4* 

.33656 

4a 

^3684 

43 

^37X3 

44 

•23740 

45 

^3769 

46 

.23797 

S 

^3823 

.33853 

49 

.33883 

9> 

^39x0 

5x 
9 

1.^ 

■s 

^wmc 

.97437 
.97430 
.97424 

.97417 
.97411 
.97404 

•97398 
.97391 
.97384 
.97378 
.97371 

.97365 
.97358 
.97351 
.97345 
.97338 
.97331 
.97325 
.97318 
.97311 
.97304 
•97298 

.97291 
.97284 
.97278 

.97271 
.97264 

.97257 
.97251 
•97244 
.97237 

.97230 
.97223 

.97217 

.97210 
.97203 
.97196 
.97189 

.97182 

.97176 
.97169 

.97162 

.97155 
.97148 
.97141 
.97134 
.97127 

.97120 

■97"3 
.97106 
4>7ioo 

•97093 
■97086 

-P7079 


J 

3 


Sine      Cosine 


.24193 
.24220 
.24349 
.24277 
.24305 
•24333 
.24362 

.24390 
.24418 
.24446 
.24474 

•24503 
.24531 
.24559 
.24587 
.24615 

.24644 
.24672 
.34700 
.24728 
•24756 

•24784 
.24813 
.24841 
.24869 
.24897 
•24925 
•24954 
.34982 

.35010 
.25038 

.25066 
,25094 
.25122 
.25151 
.25179 
.25207 

.25235 
.25263 
.25291 
•25320 

•25348 
•25376 
•25404 
•25432 
.35460 
•25488 
.35516 
•25545 
.25573 
.2560 1 

.35629 

.as6S7 
.25685 
.35713 
•25741 
.25769 
•25798 
.35826 

•25854 
•35883 


.97030 
.97023 

.97015 

.97008 

.97001  • 

^)6994 

.96987 

.96980 

.96973 

.96966 

.96959 

.96952 

.96945 

.96937 

.96930 

.96923 
.96916 
.96909 
.96902 
.96894 
.96887 

.96880 

.96873 
.96866 
.96858 
.96851 
.96844 
.96837 
96829 
96822 
96815 

,96807 
96800 

96793 
96786 

96778 
96771 
96764 
•96756 

•96749 
-96742 

•96734 
•96727 
•96719 

Jgfi^^2 
.96705 
•96697 
.96690 
.96682 

•96675 
.96667 

.96660 

•96653 
.96645 
.96638 
.96630 
.96623 

.96615 

K)66o8 
.06600 
.96593 


Sine   Cosine 


.25882 
.25910 
•25938 
.25966 

.25994 
.26022 
.26050 
.26079 
.26107 
.26135 
.26163 

.26191 
.26219 
.26247 
.26275 
•26303 
.26331 

.26359 
•26387 
•26415 

•26443 
.26471 
.26500 
.26528 
.26556 
.26584 
.26612 
.26640 
.26668 
.26696 
.26724 

.26752 
.26780 
.26808 
.26836 
.26864 
.26892 
.26920 
.26948 
.26976 
.27004 

.27032 
.27060 
.27088 
.27116 

.27144 
.27172 

.27200 
.27228 
.27256 
.27284 

.27312 
.27340 
.27368 
.27396 
.27424 
.27452 
.27480 
.27508 
.27SS6 
.2TS(>4 


.96593 
.96585 
•96578 
.96570 
.96562 
•96555 
•96547 
.96540 

.96532 
.96524 
.96517 

-96509 
.96502 

.96494 
.96486 

.96479 
•96471 
-96463 
96456 
.96448 
.96440 

•96433 
.96425 
-96417 
^)64io 
.96402 

.96394 
.96386 

-96379 
.96371 
.96363 

.96355 
•96347 
.96340 

.96332 
.96324 
.96316 
.96308 
.96301 

.96293 
.96285 

.96277 
.96269 
.96261 

.96253 
.96246 

.96238 
.96230 
.96222 
.96214 
.96206 

.96198 
.961QO 
.96182 

.96174 
.96166 
.96158 
.96150 
.96142 
.96134 


160 

Sine       Cosine 


27564 
27592 
27620 
37648 
27676 
27704 
27731 
27759 
27787 
27815 

27843 

27871 
27899 
27927 
27955 
27983 
28011 
28039 
28067 
28095 
28123 

28150 
28178 
28206 
28234 
28262 
38290 
28318 
28346 

28374 
28402 

28429 

28457 
28485 

28513 
28541 
28569 

28597 
28625 
28652 
28680 

28708 
28736 
28764 
28792 
28820 
28847 

28875 
28903 
28931 
28959 

28987 
29015 
29042 
29070 
29098 
29126 

29154 
29182 
29209 
.1^1  VI 


.96126 
.96118 
96110 
96102 
96094 
96086 
96078 
96070 
96062 

96054 
96046 

96037 
96029 
96021 
96013 
.96005 
•95997 
.95989 
.95981 
•95972 
•95964 

•95956 
•95948 
.95940 

.95931 
.95923 
.95915 
.95907 
.95898 
.95890 
.95882 

.95874 
•95865 

•95857 
.95849 

.95841 
.95832 
.95824 
.95816 
.95807 
.95799 

.95791 
.95782 

.95774 
.95766 

•95757 
•95749 
.95740 
.95732 
•95724 
•95715 

.95707 
.95698 
•95690 
.95681 

.95673 
.95664 
.95656 
.95647 
.95639 
'QS650 
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NATURAL  SINES   AND  COSINES 


r 

1 

7° 

IS" 

19° 

20= 

Cosine 

CosiNe 

SiHE 

Coeura 

~ 

■SI 

*!630 

.30901 

«i'06 

.31557 

.94551 

,34101 

■93969 

60 

«S6« 

.95097 

,31584 

59 

■a<M(U 

«S6>3 

.3=957 

95088 

.316.1 

■341^ 

58 

.1«J1 

*S6os 

.30985 

■3J639 

44S13 

.agJ^S 

«!59fl 

.31667 

i6 

i 

.jm;o 

.flSiS* 

■■'f; 

■^fS 

.34339 

6 
7 

J9431 

.3.06S 

SS5 

,3*366 

SS 

S3 

8 

,31777 

44476 

43889 

^ota? 

.3>8a4 

.3*448 

43879 

■aoS"! 

,31831 

43S69 

50 

■9SS36 

45006 

,3lSS9 

44447 

43859 

% 

*i5"S 

SiS 

.31887 

43849 

43839 

JOliafi 

.3-^ 

.31941 

j**^* 

43819 

% 

.79654 

.3=969 

.34611 

-93819 

17 

.:«rfSi. 

ss 

ItjT^ 

44961 

44399 

.34639 
.34666 

43809 

« 

ll 

11 

sg 

isl™ 

JM943 

s 

SIs^ 

,3469* 

43789 

4a 

.29811 

8 

.^9840 

41S441 

.94906 

.33.61 

:34803 

43748 

,19*76 

JM897 

-33.89 

-3*830 

43738 

1 

.31565 

.94888 

443" 

■^■^5' 

JM878 

-3*88* 

Kb 

lle^ 

*4869 

.349" 

43708 

.•998V 

.3.64a 

.94860 

,33198 

.3*939 

43698 

aH 

■3'67S 

«485I 

44>84 

43688 

la 

jjsiso 

4*484= 

,33353 

,93677 

^mSss 

.33381 

43667 

30 

.joooS 

*S3fi3 

■31758 

44813 

.33408 

43657 

jusa 

4U8>4 

■93647 

li 

.301S4 

44&>s 

:"l63 

4J637 

11 

-jOlSl 

jlsji 

,3349a 

4411s 

43616 

a6 

«]l8 

.31M8 

.335.8 

43616 

15 

36 
1 

To'M 

.31896 

,94768 

s 

SIm 

.3518* 

43606 

<)3Si7 

44'76 

;lli« 

J0348 

.9J'84 

ij^jS 

.33655 

44167 

43565 

■3=376 

.33681 

Is 

43 

-304S9 

.95166 

if 

3 

4J4701 

ii: 

Sii; 

■'iS 

?B 

\l 

46 

.304&6 

I'm 

SX 

Bi 

t^l^ 

il3?? 

43J03 

i* 

jos4a 

jjjiii 

-311 9» 

.33846 

4*098 

.35484 

■93*83 

is 

1^665 

■33874 

44088 

J)4656 

44078 

.35538 

:3o6.S 

.3«8i 

.94646 

44068 

4M61 

■3o6j3 

■9463J 

-339S6 

440S8 

,3S.^fW 

J 

.3o6(k) 

44617 

.33983 

.356.9 

43441 

8 

.3a7°8 

.3^364 

«46l8 

.3S647 

T 

.39736 

44609 

i%'^ 

44019 

,3J67* 

6 

.34065 

44019 

■3S7>8 

43400 

s 

.30819 

«4SSo 

433»0 

.30S46 

MlAl 

IsHi 

.30874 

«4<^' 

.35810 

4.U6S 

te 

'05 "06 

\  -l,*i1  \  lii* 

^ 

^ 

COSIME 

Si  KB 
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■ 
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NATURAL  SINES  AND  COSINES 


2V         1 

22**    I 

23*>    1 

24P 

/ 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

o 

.35837 

.93358 

.37461 

.92718 

.39073 

.92050 

.40674 

.91355 

I 

.35864 

.93348 

.37488 

.92707 

.39100 

.92039 

.40700 

.91343 

a 

•3589X 

.93337 

•3751s 

.92697 

•39127 

.92028 

.40727 

^>i33i 

3 

.35918 

.93327 

.37542 

.92686 

.39153 

.92016 

.40753 

^>1319 

4 

.35945 

.93316 

.37569 

.92675 

.39180 

.92005 

.40780 

.91307 

5 

.35973 

.93306 

.37595 

.92664 

.39207 

.91994 

.40806 

.91295 

6 

.36000 

.9329s 

.37622 

.92653 

.39234 

.91982 

-40833 

.91283 

7 

.36027 

.93285 

.37649 

.92642 

.39260 

.91971 

.40860 

.91272 

8 

.36054 

.93274 

.37676 

.92631 

.39287 

.91959 

.40886 

J91260 

9 

.36081 

.93264 

.37703 

.92620 

.39314 

.91948 

.40913 

.91248 

lO 

.36108 

.93253 

.37730 

.92609 

.39341 

.91936 

.40939 

.91236 

XI 

.36135 

.93243 

.37757 

.92598 

.39367 

.91925 

U10966 

.91224 

la 

.36162 

•.93232 

.37784 

.92587 

.39394 

.91914 

.40992 

.91212 

13 

.36190 

.93222 

.378" 

.92576 

.39421 

.91902 

.41019 

.9x200 

14 

.36217 

.932 IX 

.37838 

.92565 

.39448 

.91891 

-»io45 

.91x88 

15 

.36244 

.93201 

.37865 

.92554 

.39474 

.91879 

.41072 

.91x76 

x6 

.36271 

.93190 

.37892 

.92543 

.39501 

.91868 

.4109S 

.91164 

17 

.36298 

.93180 

.37919 

.92532 

.39528 

.91856 

.41125 

•91152 

x8 

.36325 

■  .93x69 

•37946 

.92521 

.39555 

.91845 

.41151 

.91x40 

19 

.36352 

.93159 

.37973 

.92510 

.39581 

.91833 

.41178 

^>XX28 

ao 

.36379 

.93148 

.37999 

.92499 

.39608 

.91822 

.41204 

.9XXX6 

91 

.36406 

.93137 

.38026 

^>2488 

.39635 

.91810 

.41231 

•9x104 

22 

.36434 

.93127 

.38053 

.92477 

.39661 

.91799 

.41257 

.91092 

23 

.36461 

.93116 

.38080 

.92466 

.39688 

.91787 

.41284 

^>io8o 

24 

.36488 

.93106 

.38107 

.92455 

.39715 

.91775 

.41310 

.91068 

25 

.36515 

.93095 

.38134 

.92444 

•39741 

.91764 

.41337 

.91056 

26 

.36542 

.93084 

.38161 

.92432 

.39768 

.91752 

^1363 

.9x044 

27 

.36569 

.93074 

.38188 

.92421 

.39795 

.91741 

.41390 

.9x032 

28 

.36596 

.93063 

.38215 

.92410 

.39822 

.91729 

.41416 

.91020 

29 

.36623 

.93052 

•38241 

.92399 

.39848 

.91718 

~41443 

.91008 

30 

.36650 

.93042 

.38268 

.92388 

.39875 

.91706 

41469 

.90996 

31 

.36677 

.93031 

.38295 

.92377 

.39902 

.91694 

41496 
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DICTIONARY  OF  MACHINE  SHOP   TERMS 

This  ha$  been  compfled  to  assist  in  a  definite  understanding  of 
the  names  of  tools,  appliances  and  shop  terms  which  are  used  in 
various  parts  of  the  country,  and  will,  we  trust,  prove  of  value  in 
this  way.  Cross  references  have  been  used  in  many  cases,  and  we 
believe  that  no  trouble  will  be  experienced  in  finding  the  definition 
desired  even  where  it  may  not  be  under  the  letter  expected.  Cutters 
of  all  kinds  are  under  "cutters,"  twist  drills  under  "drills,"  and  by 
bearing  this  in  mind  no  delay  will  be  experienced.  Practical  sug- 
gestion* as  to  additions  to  this  section  will  be  appreciated. 
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Ampere  —  The  unit  of   electric  current.    The  ammint   of   current 
which  one  volt  can  force  through  a  resistance  of  one  ohm.  - 

Ampere  Hour.  —  One  ampere  flowing  for  one  hour. 

Ampere  Tunu.  —  Used  ia  magnet  work  to  represent  the  number  oE 
turns  times  the  number  of  amperes. 

Angle  Irons  — ■  Pieces,  usually  castings,  for  holding  work  at  an  angle 
with  the  face-plate  of   a  lathe,  the  platen  of  a  planer  or  other 
similar   work.     Usually   at   right   angles   but  can   be  anything  j 
desired.  J 

Angle  Plate  —  A  cast-iron  plate  with  two  surfaces  at  right  angles  l»| 
each  other;  one  side  is  bolted  to  a  machine  table,  the  other  carries  | 

Annealing  —  Softening  steel,  rolled  brass  or  copper  by  heating  to  a. 

Ii)w  heat  and  allowing  to  cool  gradually. 
Annealing  Boxes  —  Boxes,  usually  of  cast  iron,  in  which  steel   is 
packed  with  lime  or  sand  to  retard  the  cooling  as  much  as  possible. 
Anode  — -  The  positive  terraiaal  of  any  source  of  electricity  as  a  bat* 
tery,  or  where  the  current  goes  into  a  plating  bath. 

Anvils  —  Blocks  of  iron  or  steel  on  whicft 
melals  are  hammered  or  forged.  Uau* 
ally  have  a  steel  face.  A  square  holo 
is  usually  provided  for  holding  bardie^ 
fuller  blocks,  etc. 
Apron  —  A  protecting  or  covering  piece  which  encloses  or  covers  aajt 

mechanism,  as  the  apron  of  a  lathe. 
Arbor  —  Shaft  or  bar  to  hold  work  while  it  is  l>eing  turned  or  other- 
wise worked  on.    Usually   made  with  a 
]3      slight  taper  (about  .010  inch  per  foot)  to 
■■^      drive  into  work  and  hold  by  friction.    Also 
KS,  milling  cutters,  etc. 

Arbor,  Expansion  - —  Arbor  which  can  be 
varied  in  diameter  lo  hold  different 
sized  work.  These  vary  greatly  in 
design,  as  shown.  The  &rst  and  last 
are  spring  sleeves  of  different  types, 
the  second  has  blades  which  can  be 
adjusted  to  size. 


I 


)3S  the  space  iietween  t. 

Anamtart,  —  Usually  the  revolving  part  «l  tk  A'jna.TOO  "^ 
_       the  movable  part  of  any  magnetic  device. 
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B 

Babbitt  Metal  —  A  good  mixture  for  bearings  where  the  load  is  not 
too  heavy.  Consists  of  varying  proportions  of  tin,  antimony, 
and  copper,  and  sometimes  lead.    Tin  is  the  base. 

Back-laoh  —  Usually  applied  to  lost  motion  in  gears,  sometimes  to 
screw  in  a  nut. 

Backing-off  —  Removing  metal  behind  the  cutting  edge  to  relieve 
friction  in  taps,  reamers,  drills,  etc.    Also  called  ''relieving." 

Back  Rest  —  A  rest  attached  to  the  lathe  wa}^  for  supporting  long, 
slender  shafts  or  other  work  being  turned. 

Balancey  Running  —  High-speed  pulleys  require  balancing  by  running 
at  speed  and  seeing  that  they  run  without  tremor  or  vibration. 
This  is  called  nmning  balance. 

BaUmce,  Standing  —  When  a  pulley  has  been  balanced  on  the  bal- 
ancing ways  it  is  called  a  standing  balance.    See  Balance-running. 

Balancing  Ways  —  Level  strips  on  which  the 
shaft  carrying  the  pulley  or  other  revolving 
body  is  placed.  If  the  pulley  is  unbalanced 
the  heavy  side  will  roll  to  bottom. 

Ball  Reamer  —  See  Reamer,  Ball. 

Bastard  —  Not  regular.  The  term  is  usually  applied  to  a  file,  mean- 
ing a  cut  between  the  rough  and  second  cut,  or  to  a  thread,  mean- 
ing one  that  is  not  of  the  standard  proportions. 

Battery. — A  combination  of  chemicals  which  will  give  off  an  electric 
current. 

BearingSt  Ball  —  Made  to  reduce  friction  by  interposing  balls  be- 
tween the  shaft  and  the  bearing.  They  are  made  in  various 
ways  but  all  aim  to  have  a  rolling  instead  of  a  sliding  action. 

Bearings,  Roller  —  Similar  to  ball  bearings  except  rollers  are  used 
instead  of  balls.  In  some  cases  the  rollers  are  practically  hollow 
round  springs  from  square  stock.  These  are  known  as  flexible 
roller  bearings  (Hyatt). 

Bellows  —  Devices  of  wood  and  leather  for 
producing  a  current  of  air  for  fanning 
fires  or  blowing  dust. 

Bearing,  Base  Plate  —  For  supporting  pillow  blocks  or  journal  boxes. 
Belt  Carriers  —  Pulleys  for  supporting  a  long  belt  between  driving 

and  driven  pulleys.    May  or  may  not  have  flanges. 
Belt  Dressing  —  Preparation  for  preserving  or  cleaning  a  belt  or 

making  it  cling  to  pulleys. 
Belt  Fastener  —  Hooks  or  other  device  for  joining  the  ends  of  belt. 
Btit  Litcing  —  Methods  of  fastening  ends  of  belt  with  a  more  or  less 
ffexible  Joint  by  means  of  leather  or  mre  \acm^. 
Bait,  Muley  —  A  belt  running  around  a  comw  ^\^ed\yj  \^\cc  ^\^^ 
on  a  muley  shaft* 
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Belt  Polisher  or  Strap  —  A  belt  covered  with  glue  and  emery  or  other 
abrasive  is  driven  over  pulleys  and  work  held  against  it. 

Belt  Shifter  —  Device  for  shifting  belt  or  belts  on  countershaft  or 
elsewhere,  from  loose  to  tight  pulleys  and  vice-versa.  These  are 
made  in  many  varieties.     Not  used  where  clutches  are  employed. 

Belt  Tightener  —  Loose  pulleys  arranged  for  taking  up  slack  of  belts; 
often  called  idlers. 

Bench  —  Usual  hight  is  34  to  35  inches  from  floor  to  top  of  bench, 
width  about  29  inches.  Should  be  3  inches  from  wall  to  allow 
circulation  of  air,  in  order  to  give  sprinklers  a  chance  at  a  fire 
underneath. 

Bench,  Leveling  —  Bench  with  a  level  surface  so  that  work  can  be 
laid  on  it  to  test.    Made  of  iron. 

Bending  Machine  —  For  bending  rods,  beams,  rails,  plate,  etc.  Run 
by  hydraulic  or  other  power. 


Bevel  —  A  tool  for  measuring  or  laying  oflf 
bevels  as  shown.  Also  a  surface  not  at 
right  angles  to*the  main  surface;  may 
be  any  angle.  When  at  45  degrees 
sometimes  called  a  miter. 


Blocks,  Differential  —  Hoisting  apparatus  consisting  of  differential 

gears  for  lifting  heavy  loads. 
Blocks,  Tackle  —  Sheaves  or  pulleys  mounted  in  a  shell  or  case,  used 

with  hoisting  ropes  or  chains  to  raise  heavy  weights. 

^^_____^^^^^^____^  Blow  Pipe  —  A  pipe  for  blowing  a  jet  of  air 

r'  into  a  flame  for  heating  work  locally, 
such  as  soldering.  The  upper  picture 
is  a  plain  one  for  use  with  an  alcohol 
lamp,  the  other  has  a  gas  and  an  air 
tube.  Each  is  regulated  by  the  small 
valve  so  as  to  make  the  hottest  flame. 


BOLTS 

Agricultural  Bolt.     Agricultural  bolts,  as  indicated  by  the  name,  are 

used  in  farm  machines  and  appliances. 
The  body  of  the  bolt  has  a  series  of  hel- 
ical lands  and  grooves  which  are  formed 
by  a  rolling  process. 


L.  A.  M.  Bolt  —  This  bolt  is  adopted  by 
the  Association  of  Licensed  Automobile 
Manufacturers.     It  has  a  slott^ed  ViaaA. 
and  casteWale^  ximX.. 


S68 


BOLTS  —  Continued 


Boiler  Patch  Bolt  —  A  bolt  used  in  fastening 
patches  on  boilers.  The  patch  is  coun- 
tersunk for  the  cone  head,  and  boiler 
shell  tapped  for  bolt  thread.  The  square 
head  b  knocked  off  after  bolt  is  screwed 
in  place. 

Coupling  Bolt  —  Bolts  for  shaft  couplings 
are  finished  all  over  and  must  be  a 
close  fit  in  the  hole  reamed*  in  the  two 
flanges  of  the  coupling,  so  that  the 
sections  shall  be  rigidly  secured  to- 
gether. 

Expansion  Bolt — In  attaching  parts   to  brick,  stone  or  concrete 
walls  and  floors,  expansion  bolts  are  frequently  employed.     The 

"Star"    bolt  in  the  illustration   has  an 

f^ mtf  ii'iVi  luui  J. mfhT* ^     internally  threaded,  split  sleeve  which  is 

\i lat,u«?     !    ^^    slipped  mto  a  hole  made  in  the  wall  and 

then  expanded  by  running  in  the  screw. 
The  projections  on  the  surface  of  the  shell,  and  the  fact  that  the 
hole  receiving  it  is  made  larger  at  the  rear,  assure  the  device 
holding  fast  when  the  expander  is  in  place. 

Hanger  Bolt  —  This  bolt  is  used  for  at- 

jf~\fM >taaA4AAiitiituiAn^  taching   hangers   to   woodwork    and 

([    ■         lillH\\llM5ir>  consists  of  a  lag  screw  at  one  end  with 

\J* »WWWWm^         ^  ^^j^j^^  bolt  thread  and  nut  at  the 

other. 
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Square  Countersunk  Head 


Miscellaneous  Bolts 
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Tire 
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M  HI 


Step 


Eye 


In  Hd 


][ 


Deck 


Bridge  or  Roof 


Sink 


Track 


oync 


Hook 


"North"  Bolt  — The  "North"  bolt  is 
used  in  agricultural  machinery  and 
appliances  and.  has  a  series  of  longi- 
tudinal lands  rolled  on  the  body  to 
the  same  diameter  as  the  bolt. 

Plow  Bolt  —  Several  types  of  plow  and 
cultivator  bolts  are  shown  in  the 
accompanying  engravings,  the  forms 
illustrated  bemg  typical  of  a  variety 
of  bolts  manufactured  for  agricultural 
apparatus. 

A  —  Large  Round  Head 
B  —  Square  Head 
C  —  Round  Head,  Square  Shank 
D  —  Round  Head 
E  —  Kev  Head 
F— Tee  Head 
G  —  Button  Head 
H  —  Coivcave  ^e^"^ 
I  —  Reverse  ILe^  ^«aA 
J  —  L.aT%e  ¥.e^  l^a^A. 
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Round  or  Button  Head 


Stove  Bolt  —  Stove  bolts  are  Ynade  in 
sizes  ranging  from  ^  to  |  inch.  There 
is  no  standard  form  of  thread  for 
these  bolts  to  which  all  makers  ad- 
here, and  even  the  same  makers  in 
some  cases  have  a  different  shape  of 
thread  for  different  sizes  of  bolts. 
The  heads  commonly  formed  are  the 
round,  or  button  head,  and  the  flat 
or  countersunk  head. 


Flat  or  Countersunk 
Head 


Hexagon  Head 


Tap  Bolt — Tap  bolts  are  usually  threaded 
the  full  length  of  the  body,  which  is  not 
machined  prior  to  running  on  the  die. 
Only  the  point  and  the  under  side  of 
the  head  are  finished.  They  are  not 
hardened  and  are  used  as  a  rule  for 
the  rougher  classes  of  machine  work. 
The  heads  are  the  same  width  as 
machine  bolt  heads. 


Square  Head 


T-Head  Planer  Bolt 


T-Head  Planer  Bolt  —  A  bolt  with  a 
T-head  having  oblique  ends  which 
may  be  dropped  into  the  T-slot  of  a 
planer  and  locked  by  giving  it  a  quar- 
ter turn,  until  the  sloping  ends  strike 
against  the  sides  of  the  slot.  Com- 
monly employed  for  holding  work  on 
the  planer  table. 

Bolt  Cutter  —  Machine  for  threading  bolts,  cutting  threads  on  them. 

Bolt  Header  —  Machine  for  upsetting  the  bolt   body  to  form   the 
head. 

Bolster  —  A  block  sometimes  called  the  die  block,  in  which  a  punch 
press  die  is  held.     It  is  attached  to  the  bed  by  bolts  at  either  end. 

Boring  and  Turning  Mill  —  Machine 
having  a  rotating  horizontal  table 
for  the  work  with  one  or  more  sta- 
tionary vertical  tools  for  boring, 
turning  or  facing;  a  turret  is  often 
JBolster  provided  for  holding  a  number  of 

tools  m  oTve  oi  Oae  Vieaids..    Often 
called  '^vertical  mill^     Horizontal  boring  rcvacVvcves.  \«t  tvoV  ca3\^ 


BORING  MACHINE 


BORING  MILL 


BORING    MILL- 

-  VERTICAL  —  NILES 

.  Base. 

14.  Counterweight. 

.  Table. 

.  Housing. 

16.  Cross.feed  screw. 

.  Cross-rail, 

17.  Veitiial  feed  rod. 

.  Saddle. 

ig.  Power  feed  gears. 

.  Swivel 

19.  Housing  slides. 

.  Right  spindle. 

»o.  Vertical  cross-rail  sere 

.  U(t  spindle. 

11.  Cross-rail  hoist. 

.  Tool  heads. 

a  J.  Venical  power  rod. 

.  Vertical  leed  wheels. 

13.  Gear  boi. 

Power  feed  lock. 

a*.  ■Po'sei  tonuoVnawdle, 

Spindle  bearings. 

jj.  T)r\vmg,  ^oWe-js. 

Counterweight  chain. 

3&.  CU-idL  ^a.'KS. 
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Box  Chuck  —  A  two-jawed  chuck  of  rectangular  form  used  by  brass 
finishers. 

Brass  —  Alloy  of  copper  and  zinc  although  a  little  tin  is  often  added 
for  strength  and  density.  Common  proportion  is  copper  66, 
zinc  34.     See  bronzes,  also  low  and  high  brass. 

Brass,  High  —  Only  applied  to  rolled  material.  Two  parts  copper, 
one  of  zinc.     Color  is  light  yellow.  ^ 

Brass,  Low  —  Only  applied  to  rolled  material.  Ranges  from  Jr5  per 
cent,  copper  to  25  of  zinc  to  88  per  cent,  copper  and  i  2(  of  zinc. 

Brazing  —  The  joining  of  metals  by  the  use  of  copperi  filiiigs  or 
chips  and  borax  or  some  other  flux.  This  is  usually  called 
spelter  or  hard  solder  and  can  be  applied  to  almost  any  of  the 
harder  metals. 

Brazing  Clamps  —  Clamps  to  hold  the  ends  of  band  saw  or  other 
work  for  brazing. 

Broach  —  A  tool  which  is  practically  a  series  of  chisels  or  cutting 
edges  for  enlarging  holes  or  changing  their  shape.  Generally 
used  for  odd  shaped  holes  but  occasionally  for  rounds.  The 
teeth  should  be  on  an  angle  to  give  a  shearing  cut.  Name 
is  sometimes  given  to  a  small  reamer  used  by  jewelers. 

Bronzes  —  Alloy  of  Copper  and  Tin.  Used  in  coinage,  in  bells, 
statuary,  musical  instruments  and  mirrors.  Bell  metal  is  80 
copper,  20  tin  to  84  copper,  16  tin. 

Bulldozer  —  Heavy  forming  machine  for  bending  iron  or  steel  and  in 
which  the  dies  move  horizontally.  Very  similar  to  a  foiging 
press. 

Bull  Blocks  —  Blocks  through  \yhich  wire  or  rods  are  drawn  to  reduce 
size. 

Bull  Wheel  —  Usually  applied  to  the  gear  of  a  planer  which  meshes 
into  the  rack  under  the  table  and  drives  it. 

Bunsen  Burner  —  A  device  for  securing 
a  very  hot  flame  by  mixing  air  and 
gas  in  a  chamber  behind  the  flame. 
The  one  shown  has  two  pieces  which 
make  the  flame  flat  instead  of  round. 

Burnishers  —  Tools  of  hardened  and  polished  steel  for  finishing  brass 
and  softer  metals  by  friction.  They  are  held  against  the  revolving 
work  and  give  a  smooth  surface  by  compressing  the  outer  layer 
of  the  metal. 

Burring  Machine  —  For  removing  burrs  from  hot  pressed  nuts. 

Bushing  —  Tube  or  shell  which  reduces  the  diameter  of  a  hole. 
Hardened  bushings  are  used  in  jig  work  to  guide  drills  or  other 
tools. 

Butt  Joint  —  A  riveted  joint  with  the  ends  oi  \?aft  ^\a!u«»  "a^^SM«s^!^ 

squarely  against  each  other. 
Butt  Weld  —  A  weid  in  which  the  endsoi  V\ve  V«o  v^'wica.  <\ssv^^  ^^''^ 
against  each  other  for  welding  togelYver. 
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CAUPERS 


Jif 

Batton 


Button — A  steel  bushing,  hardened  and  groandy  used  for  locatbg  i 
jig  plate  or  some  similar  piece  in  which  holes  have  to  be  bored 

in  exact  position.  Tbe 
button  IS  attached  to 
the  work  by  a  small 
screw  and  Is  then  ad-  i| 
justed  by  a  micrometer 
or  otherwise  until  it  is 
central  at  the  exact 
point  where  it  is  desired 
to  bore  the  hole.  Tlie 
work  is  then  placed  oo 
the  face  plate  of  the 
lathe,  and  with  a  test  in- 
dicator  resting  on  the  outside  ol  the  button,  the  piece  is  readily  set 
central.  It  is  then  clamped  fast  to  the  face  plate,  the  button  is  re- 
moved and  the  hole  bored.  Frequently,  several  buttons  are  used  on 
the  same  piece  of  work,  their  relative  positions  being  adjusted  to 
conform  to  the  center  distances  required  between  holes.  The  woii 
is  then  indicated  true  by  each  button  in  succession,  and  one  hole 
after  another  bored. 


CALIPERS 

Firm  Joint  Calipers  —  Having  a  large,  firm 
joint  in  place  of  old  style  plain  riveted 
joint.    This  is  an  inside  caliper. 


Gear  Tooth  Caliper  —  A  caliper  with  two 
beams  at  right  aneles.  The  vertical 
beam  gives  tooth  depth  to  pitch  line 
and  the  other  the  thickness  at  pitch 
line.  Both  have  verniers.  Used  in 
measuring  teeth  for  accuracy. 


Hermaphrodite  Caliper  —  A  combination  of 
one  leg  of  a  divider  and  one  les  of  a 
caliper.  Used  in  testing  centered  work 
and  in  laying  off  distances  from  the  edge 
of  a  piece. 

Keyhole  Caliper  —  Has  one  straight  leg  and 
the  other  curved. 

(Micrometer  Caliper  —  A  measuring  in- 
strument consisting  of  a  screw  and 
having  its  barrel  divided  into  small 
parts  so  as  X.O  measwxt  ^\\gDX  ^«sgcwa 

sandtVis,  someV\tives.Xo  xtYv-v\vo>iaacA^e» 
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Odd  Leg  Caliper  —  Calipers  having  both 
legs  'pointing  in  the  same  direction. 
Used  in  measuring  shoulder  distances 
on  flat  work,  boring  half  round,  boxes 
etc. 

Otttside,  Spring  Caliper  —  Tool  for  measuring 
the  outside  diameter  of  work.  Controlled 
by  spring  and  threaded  nut.  Nuts  are 
sometimes  split  or  otherwise  designed  to 
allow  rapid  movement  when  desired,  final 
adjustment  being  made  by  screw. 


y.i.i.jj^hip.i.i.i.i.i.hi.i.i.i.ir 
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Slide  Caliper  —  A  beam  caliper  made  with 
a  graduated  slide.  Generally  made 
small  for  carrying  in  the  pocket. 

Square-micrometer  Caliper —  A  beam  cali- 
per having  jaws  square  with  the  blade, 
and  having  a  micrometer  adjustment  to 
read  to  thousandths  of  an  mch. 


Thread  Caliper  —  Similar  to  outside  calipers 
except  it  has  broad  points  to  go  over  the 
tops  of  several  threads. 


Transfer  Caliper. —  Caliper  which  can  be  set  to  a  given  size,  the 

auxiliary  arm  set,  and  the  calipers  opened 
at  will,  as  they  can  be  reset  to  the  aux- 
iliary arm  at  any  time.  Used  to  caliper 
recesses  and  places  where  they  must  be 
moved  to  get  them  out. 

Cam,  Drum  or  Barrel  —  The  drum  cam 
has  a  path  for  the  roll  cut  around  the 
periphery,  and  imparts  a  to-and-for 
motion  to  a  slide  or  lever  in  a  plane 
parallel  to  the  axis  of  the  cam.  Some- 
times these  cams  are  built  up  of  a 
plain  drum  with  cam  plates  attached. 


Cam,  Edge  —  Edge  or  peripheral  cams  (also 
called  disk  cams)  operate  a  mechanism 
in  one  direction'  only,  gravity,  or  a 
spring,  being  relied  upon  to  hold  the 
cam  roll  in  contact  with  the  edge  of 
the  cam.  On  the  cam  showa^  a  Ick  h  ^ 
the  drop*,  b  lo  c  V>Rfc  ^-w^',  c  \si  ^^T>sfc\  ^ 
to  a,  dwell. 


CAM— CENTER  PUNCH 


Cmd,  F«c*  —  Face  cams  have  a  groove 
or  loll  path  cut  in  the  face  and  oper- 
ate a  lever  or  other  mechanism  posi- 
tively in  both  directions,  as  the  roll  is  i 
always  guided  by  the  sides  of  the  slM.  ' 


"C"  Clamp  —  See  Clamp  "C." 
"C"  WMber.—  See  Washer,  Opm. 
Caiboniiing  —  The  heat  treatment  of  steel  si 


Card  Patlerot  —  Patterns  made  on  a  gate  so  as  to  be  all  molded  it  \ 

mice  and  to  provide  gates  for  the  metal  to  flow. 
Cale-luTdeniilg —  A  surface  hardening  by  which  the  outer  skin  of  i 

piece  of  iron  or  steel  absorbs  cafbon  or  carbonizes  so  as  to  harden 

when  cooled  in  water.    The  piece  is  usually  packed  in  an  im 

box  with  bone,  leather  or  charcoal,  or  all  three,  and  heated  slowl;  I 

several  hours,  then  quenched. 
Cat  Head  —  A  collar  or  sleeve  which  fits  loosely  over  a  shaft  and  ii 

clamped  Co  it  by  set  screws.     Used  for  steady  rest  to  run  on 

where  it  is  not  desired  to  run  it  on  the  work. 
Same  name  is  also  given  to  the  head  carrying  cutters  on  boring    ' 

Cat  Head  Chuck  —  A  chuck  in  which  the  end  of  a  shaft  or  other 
piece  is  driven  by  a  number  of  set  screws  tapped  through  the  wall 
of  Che  chuck. 

Cathode  - — The  negative  terminal  of  an  electric  bath  or  battery. 

Center,  Dead  —  The  back  center  or  the  stationary  center  on   which     1 
the  work  revolves.     On  many  grinding  machines  both  centers 

Center,  Live  —  The  center  in  the  revolving  spindle  of  a  lathe  or 
similar  machine.  It  is  highly  important  that  this  should  run 
true  or  it  will  cause  the  work  to  move  in  an  eccentric  path. 

Center  Punch  —  Punch  for  marking  points 
n — M^^jBj — .__^         on  metal.     Made  of  steel  with  a  sharp 

^ — WmmfS^ ^**         point  and   hardened-     Often  called  a 

prick  punch. 
Center  Punch,  Automatic  —  Has  a  spring  actuated  hammer  in  the 
handle,  which  is  released  when  the  handle  is  pressed  way  down. 
The  point  can  be  placed  where  desired 
and  the  blow  given  by  a  pressure  0/ 
Ihe  band.  In  somecases  the  blowcaa 
be  varied. 
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ly^v^^  Centra  Punch,  Bell  or   Self-centerings  A    ' 

(  1      ^--w — _ — ^  center  punch  sliding  in  a  bell  or  cone 

tV          H     ■  bM — ' — 1  mouthed  casing  so  when  placed  square 

M          B    M    § °''^^  ^'"^  '^"''  °^  ""^  '^^  ''  "''^  locate 

]   I  ^       —  jjj^  center  with  sufficient  accuracy  for 

Center  Punch,  Locating  —  Having  an  extra  leg  which  has  a  spring 

point  and  is  adjustable.    The  spring  point  is  placed  in  the  first 

punch  mark   and   so   locales  the  next 

punch  mark  at  the  nght  distance  from 

the  first. 

Centering  Machines  —  For  drilling  and  reaming  center  of  work  for 

the  lathe  or  grinder. 
Chambei  —  A  long  recess.     See  Recess. 

Chaseis  —  Tools  used  for  culling  threads  by  chasing.  Usually  have 
several  teeth  of  right  pitch,  but  name  is  sometimes  applied  to  a 
single  point  tool  used  in  brass  work  on  a  Fos  lathe.  Chasers 
ate  made  circular  or  Hat  and  in  the  old  days  maay  w^[e  used  bj! 

Chasing  Threads  —  Cutting  threads  by  moving  a  tool  along  the  vad^ 
at  the  right  speed  to  give  the  proper  pilch.  Distinguishes  between ' 
threads  cut  with  a  die  and  those  cut  with  a  threading  tool. 
Chattering  —  A  slight  jumping  o!  the  icxjl  nway  from  the  work  ot 
vice-versa,  and  which  leaves  little  ridges  in  same  direction  as  the 
teeth.  Occurs  at  times  in  any  class  of  work  and  with  any  kios 
of  lool.  Due  to  springing  of  some  parts  of  the  machine. 
Cherry^ See  Cutters,  Milling. 

Chlael,  Blacksmith's  Hot  —  A  chisel  for 
culling  hot  metal.  Has  a  handle  so 
that  it  can  be  used  without  gelling  the 
hand  too  near  the  healed  metal. 


rx 


I 
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chipping  —  The  cutting  of  metal   with  cold   chisel   and  1 

Also  used  when  a  piece  "chips"  or  breaks  out  of  a  piece  or  punch. 
Chiael,  Cape  —  Chisel  with  a  narrow  blade  for  cutting  keyways  and 


ChiEel,  Cold  —  The  usual  machinists' 
chisel  for  cutting  or  "chipping" 
meial  with  a  plain  cutting  edge  as  in 
illustration. 

Chisel,  Diamond  or  Lozenge  —  Similar 
to  a  cape  chisel  but  with  square  end 
and  culling  edge  at  one  comer.  Used 
lor  cutting  a  sharp- bo  Homed  groove. 


hisel,  Bound  —  A  round  end  chisel  with  the  cultinR  edge  grou 
back  at  an  angle.     Used  for  cutting  oi\  jioovea  aai  ascSwn  ■«■ 
:7iucA,  Draw  —  Operated  by  moving  longiVaimaW-J  vn.  t.  \K^i ' 
iog.     Used  on  precision  work. 


I 

1 
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Chuck,  Drill  —  A  chuck  made  especially  for  holding  drills  in  drilling 
machines.    Sizes  run  from  the  smallest  up  to  one  inch. 

Chuck,  Eccentric  —  For  turning  eccentrics  or  other  work  in  which 
hole  is  not  concentric  with  outside.  Usually  made  adjustable  to 
suit  varying  degrees  of  eccentricity. 

Chuck,  Expanding  —  For  turning  hollow  work  which  must  be  held 
on  inside.     Jaws  go  inside  of  work. 

Chucks,  Lathe  —  Devices  for  holding  work. 
Usually  screw  on  spindle  and  have  two, 
three  or  four  jaws.  These  may  be  inde- 
pendent or  move  together  by  screws 
only  (in  case  of  two  jawed)  or  screws 
and  gears  in  case  of  more  than  two. 
There  is  also  a  spiral  or  scroll  chuck 
without  gears  or  screws  of  the  ordinaiy 
kind. 

Chuck,  Magnetic  —  Has  no  jaws  but  holds  iron  and  steel  by  magnet- 
ism. 

Chuck,  Master  —  The  main  body  of  a  screw  chuck  which  screws  on 
the  nose  of  the  lathe  spindle  and  which  carries  the  sub-  or  screw- 
chuck  for  holding  the  work.    Mostly  used  in  brai>s  work. 

Chuck,  Hippie  —  For  holding  short  piece  of  pipe  to  be  threaded. 

Chuck,  Oval  —  Chuck  designed  to  move  the  work  to  and  from  the 
tool  so  as  to  produce  an  oval  instead  of  a  round.  Sometimes 
called  an  elliptic  chuck. 


Plain  Base 


Chuck,  Planer  —  For  holding  work  on 
bed  or  platen  of  planer,  shaper  or 
milling  machine.  Sometimes  called  a 
vise.  They  are  made  with  both  plain 
and  swivel  bases  as  shown,  and  usually 
have  locking  strips  which  hold  the 
piece  carrying  the  set  screws. 


Swivel  Base 

Chuck,  Screw — Chucks  made  with  internal  or  external  thread  to 
hold  work  which  has  been  already  threaded.  These  very  often 
screw  into  a  master  chuck.    Mostly  used  in  brass  work. 

•     Chuck,  Spring  —  See  Screw  Machine  Tools. 

Chucking  Machines  —  Usually  have  a  turret  for  tools,  a  revolving 
chuck  or  table  for  work,  and  generaU'j  Msed  tot  boring  and  ream- 
ing'.    May  be  either  vertical  or  Vior\zotvVa\. 
Circuit  —  The  path  in  which  an  electric  cMttenV  ?tov^ 


CLAMP —  COMPOUND  REST 


579 


Clamp,  "C" — Clamp  shaped  like  a  letter 
"C"  for  holding  work  in  various  ways. 
Are  sometimes  cast  but  more  often  drop 
foiged  for  heavier  work. 


Clamps,  Machinist  —  Clamps  for  holding 
work  together,  holding  jigs  or  templets 
on  work,  etc. 


Clash  Gears  —  Gears  which  are  thrown  into  mesh  by  moving  the 
centers  together  and  sometimes  by  sliding  the  gears  on  parallel 
shafts  till  the  teeth  get  a  full  bearing.  The  latter  are  some- 
times called  sliding  gears. 

Clutch  —  Any  device  which  permits  one  shaft  to  engage  and  drive 
another,  may  be  either  friction  or  positive,  usually  the  former. 
Made  of  all  sorts  of  combinations  of  cams,  levers  and  toggles. 

Clutch,  Friction  —  A  device  whereby  motion  of  loose  pulley  is  trans- 
mitted to  shaft  to  be  driven.  Various  methods  are  employed  but 
all  depend  on  forcing  some  kind  of  friction  surfaces  together  so 
that  one  drives  the  other. 


Ratchet  Tooth  Clutch 


Clutches,  Positive  —  Devices  for  connecting 
machines  to  a  constantly  running  shaft 
or  one  part  to  another,  at  will.  There 
are  many  kinds,  both  positive  and  fric- 
tion. The  illustrations  show  two  of  the 
most  conmion  of  the  positive  clutches. 


Square  Jaw  Clutch 

Collar  —  A  ring  used  for  holding  shafting,  loose  pulleys,  in  proper 
position  or  for  fastening  to  boring  tools  to  prevent  them  going  in 
too  deep. 

Collar,  Safety  —  Having  a  clamping  device  instead  of  set  screw  or 
having  set  screw  below  surface  or  so  covered  as  not  to  catch 
anything  brought  in  contact  with  it. 

Commutator  —  The  part  of  a  dynamo  or  motor  which  takes  off  or 

leads  current  into  the  machine. 
Compound  Rest  —  An  auxiliary  tool  slide  oxv  \a.>^'e  c-axtSasgi:  "asT«»sg^ 
to  swivel  so  as  to  turn  at  any  desired  aixv^e  V\\?b.  >CBfc\aJ^^  ^^oNssr^ 
or  with  cross  slide.     Usually  graduated  mlo  de^^s^^ 


S8<> 


& 


Conntofton  —  Has  a  pilot 
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Also  caOed  ^lit  cotter,  split  pin,  etc.,  is  used  hi  a 
Hole  drilled  crosswise  of  a  stud,  shaft 
or  some  similar  member,  and  its  cndl 
■j         spread  apart  to  R^ain  it  in  place  and 
-^         ke«p    some   member   carried    by  the 
shaft  from  slipping  off. 
3  fit  a  hole  already  drilled,  or  drilled 
and  Teamed,  and  its  body  with  cutliiig 
tbe  end  is  used  to  enlarge  the 
tdve  a  screw  bead  or  body  or 
for  some  similar  purpose. 
The  shaft  for  driving  a  machine  which  is  itself  driven 
or  line  shaft. 

CoupUnE,  Clamp  —  Couplings  made  in 
two  or  more  parts,  Hamping  around 
the  shafts  by  transverse  bolts.  Hold 
either  by  friction  or  have  dowels  in 
shaft.  Sometimes  called  compressiaa 
although  this  is  confusing. 


Conpltng,  Compres^a  —  Grips  shafting  by 
drawing  together  tapered  parts.  This 
forces  them  against  shaft  and  holds  it 
firmly.  Bolts  parallel  with  shaft  draw 
parts  together. 


Coapling,  Flanged  —  A  fiange  is  keyed  to  eacb 
^sit  and  these  flanges  are  bolted  together. 
Also  called  "plate"  coupling. 


Coupling,  Friction  —  Couplings  which  depend  on  friclional  contact 
Coupling,  Jaw  or  Clutch  —  Positively  engaged  by  jaws  or  projections 

on  the  face  o£  opposing  parts. 
Coupling,  Shaft  —  Devices  tor  fastening  ends  of  shafting  t<^ether  so 

that  both  may  be   driven  as  one  shaft.      These  are  made  in  a 

great  variety  of  ways,  from  plain  set  screw  coupling  to  elaborate 

compression  devices. 
Coupling,  Wedge  —  Coupling  thai  clamps  the  shaft  with  a  wedging 

action.     Practically  like  a  compression  coupling.     Generally  tit- 

closed  in  a  sleeve.     Also  called  vise  coupling. 
''V  —  The  tipper  part  of  a  flask. 
pbigMacbiae  —  For  cutting  away  l\re  aangsaiiicCT 
and  bending  the  ends. 
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Counter,  Revolution  —  Device  for  counting 
the  revolutions  of  a  shaft.  Generally 
made  with  a  worm  and  a  gear  having 
100  teeth  so  that  one  turn  of  dial  equals 
100  revolutions. 

Countershaft  —  Shaft  carrying  tight  and  loose  pulleys  (or  friction 
clutch  pulleys)  for  starting  and  stopping  machines  or  reversing 
their  motion. 

Crane,  Gantry  —  Traveling  crane  mounted  on  posts  or  legs  for  yard 
use. 

Crane,  Jib  —  Crane  with  a  swinging  boom  or  arm. 

Crane,  Locomotive  —  Crane  mounted  on  a  car  with  an  engine  so  as 
to  be  self-propellmg  on  a  track. 

Crane,  Pillar  —  Having  the  boom  or  moving  arm  fastened  to  pillar 
or  post. 

Crane,  Portable  —  Hoisting  frame  on  wheels  which  can  be  run  around 
to  the  work  and  used  to  handle  work  in  and  out  of  lathes  and 
other  machines. 

Crane,  Post  —  See  Crane,  Pillar. 

Crane,  Swing  —  Same  as  Jib  Crane. 

Crane,  Traveling  —  Crane  with  a  bridge  or  cross  beam  having  wheels 
at  each  end  so  it  can  be  run  on  overhead  tracks  to  any  point  in 
the  shop. 

Crimping  —  Fluting,  corrugating  or  compressing  metal  ring  to  in- 
duce its  diameter. 

Cross-rail  —  The  part  of  a  planer,  boring  mill  or  similar  machine  on 
which  the  tool  heads  or  slides  move  and  are  supported. 

Cut  Meter  —  Instrument  for  measuring  the 
surface  speed  of  work  either  in  lathe  or 
planer.  A  wheel  is  pressed  against  the 
moving  surface  and  the  speed  is  shown 
in  feet  per  minute. 

Cutters,  Flue  Sheet  —  Special  cutters  for  making  holes  as  for  flues, 
in  flue  sheets  or  in  other  sheet  metal  or  structural  work. 

CUTTERS,  MILLING 

Angular  Cutters  —  Such  cutters  are  used 
for  milling  straight  and  spiral  mills, 
ratchet  teeth,  etc.  Cutters  for  spiral 
mill  grooving  are  commonly  made 
with  an  angle  of  12  degrees  on  one 
side  and  40,  4&  ot  ^^-^  ^e^x^  ^sv^^  ^^ 
the  other. 
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Cherry — A  form  of  milling  cutter  which  is  more  strictly  a  formed 

reamer,  for  finishing  out  the  interioi 
of  a  die  or  some  sunilar  tooL  The 
cherry  shown  is  for  a  bullet  mokL 

Conyez  and  Concaye  Cutters  —  Conva 
and  concave  cutters  are  used  for  mil- 
-ling  half  circles.  The  convex  cutter 
is  often  used  for  fluting  taps  and 
other  tools.  Like  all  other  formed 
cutters  the  shape  is  not  affected  by 
the  process  of  sharpening. 

Comer  Rotmding  Cutters  —  Left  hand 
double  and  right  hand  cutters  of  this 
type  are  used  for  finishing  rounded 
comers  and  edges  of  work.  The 
shape  of  the  cutter  is  not  altered  by 
grinding  on  the  face  of  the  teeth. 

Cotter  Hill  — This  type  of  mill  is  used 
for  cutting  keyseats  and  other  slots 
and  grooves. 


Dovetail  Cutters — Male  and  female  dove- 
tails are  milled  with  these  tools,  and 
edges  of  work  conveniently  beveled. 


lUght  Haud 


D 
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End  Hill  —  This  mill  sometimes  called 
a  butt  mill,  is  used  for  machining 
slots,  milling  edges  of  work,  cutting 
cams,  etc. 


End  Hill  (with  center  cut).  This  end 
mill  has  clearance  on  the  inner  side 
of  the  end  teeth  and  is  adapted  to 
cut  into  the  work  to  a  depth  equal 
to  the  length  of  the  end  teeth  and 
then  feed  along,  dispensing  with  the 
necessity  oi  ^t?X  dtiVUw^  a.  hole,  which 
has  lo  be  dotv^  vaVtYv  >^v^  \xvc«x  ^ss^^ 
of  tVve  leeV\v  axe  xvoX  xeWeNe^. 


«n  used  for  heavy  cuVs  paLxWcMWVj  m  e^\  Vkssu 
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Face  and  Formtd  Cuttsn  —  The  face  cutter 
to  the  teft,  of  Brown  &  Sharpe  ioserled 
tooth  type  is  mode  in  large  sizes  and 
cuts  OD  the  periphery  and  ends  of  teeth. 
The  formed  cutler  to  the  right  maj' 
be  sharpened  by  grinding  on  the  face 
without  changing  the  shape.  For  mill- 
ing wide  forms  several  cutters  are  often 
placed  side  by  side  id  a  gang. 
Fish  Tall  Cutter  — A  simple  cutter  for 
milling  a  seal  or  groove  in  a  shaft  or 
other  piece.  Usually  operated  at 
rapid  speed  and  light  cut  and  feed. 

Flntliic  Cntteti  —  Cutter  .4  is  an  angular 
mill  for  cutting  the  teeth  in  spiral 
mills,  cutter  B  is  for  tap  fluting  and 
C  for  milling  reamer  flutes.  In  each 
case  the  cutter  is  shown  with  one 
face  set  tadjal  to  the  center  of  the 


Vf  Cotters  —  Fly  cutters  are  simple  formed 
cutters  which  may  be  held  in  on  arbor  like 
that  ^lowa  at  the  top  of  the  group.  The 
arbor  is  placed  in  the  miller  spindle  and 
the  tool  or  other  work  to  be  formed  is 
given  a  slow  feed  past  the  revolving  cutter. 
After  roughing  out,  the  cutter  can  be  held 
stationary  and  used  like  a  planer  tool  for 
finishing  the  work  which  is  fed  past  it 
and  so, given  a  scraping  cut. 


OanE  Cnttwa — Cutters  are  used  in  a  gang 
on  an  arbor  for  milling  a  broad  sur- 
face of  any  desired  form.  The  cutters 
shown  have  InCeiiocking  and  overlap- 

Eing  teeth  so  that  proper  spacing  may 
e  maintained.  In  eitensive  manufac- 
turing operation  the  gangs  of  cutters 
are  usually  tcpi  ?e(.  m^  in\  *ito  wVist 
and  never  lemovti  tiite^  ^<«  it™'*'^^ 


5^4 


CUTTERS,  MILLING  - 


G««r  Cuttar  (Involute).     In   the   Bioin 

&   Sharpe   system   of    involute  gcai 

cullers,    eight   cutters    are    regularij 

made  for  e^h  pitch,  as  follows; 

No.  I  will  cut  wheels  from  135  leMb 

No.  3  will  cut  wheels  from  55  teelh 
to  134  teeth. 

No.  3  will  cut  wheels  from  35  teeth 


4  will  CI 


:  wheels  from  26  tettb 


It  wheels  from  3 
o  teeth. 


a  be  sharp- 


fl  34  teeth. 
No.  5  will 
to  2S  teeth. 
No.  6  will  cut  wheels  from  17  teeth  to 
No.  7  will  cut  wheels  from  14  teeth  to  16  (eetb. 
No.  8  will  cut  wheels  from  12  teeth  to  13  teeth. 
Such  cutters  are  always  accurately  formed  and  c 
ened  without  affecting  the  shape  of  the  teeth. 

Gear  Cnttera,  Duplei  —  The  Gould   &  Eberfaart 
duplex  cuttera  are  used    in  gangs  of  two  or 
more;   the  number  of  cutters  in    the  gang 
depending  on  the  number  of   teeth   in  the 
gear  lo  be  cut.    The  following   table  give 
the  number  of  cutters  which  may  be  us«l  in 
cutting  different  numbers  of  teeth. 
Under    30  leelh    1  cutter 
Over      30  teeth    2  cullers 
Over      50  teeth    3  cutters 
Over      70  teeth    4  cutters 
Over      9S  t^eth    5  cutters 
Over    120  teeth    6  cutters 
Over    150  teelh    7  cutters 
Over    iSo  leelh    8  cutters 
Over    230  teeth  to  cutters 
Over    360  teeth  12  cutters. 
Gear  Stocking   Cutler  — The   object  of 
stocking  cullers  is  to  rough   out  the 
teeth    in    gears,    leaving    a    smaller 
amount  of  metal  to  be  removed  by 
the   finishing  cutler.     They   increase 
the  accuracy  with  which  gears  may  be 
— "    -"''  «ve  the  finishing  cutter  as 

vhere  accuracy  and  smooth   ' 
running  are  necessary  the  gears  shou"ld 
first  be  roughed  out.     One  stocking 
cutler   answers  tor   all   gears   of  ihe 
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[ob  —  A  form  of  milling  cutter  with 
teeth  spirally  arranged  like  a  thread 
on  a  screw  and  with  flutes  to  give 
cutting  edges  as  indicated.  Used  for 
cutting  the  teeth  of  worm  gears  to 
suit  the  worm  which  is  to  operate  the 
gear.  Hobs  are  formed  and  backed 
o3  so  that  the  faces  of  the  teeth 
may  he  ground  without  changing  the 

Blown  &  Sbaipe  inserted  tooth  cuttere  have 
Caper  bushings  and  screws  for  holding 
the  blades  in  position  in  the  bodies. 
Inserted  tooth  construction  is  generally 
recommended  for  cutters  6  inches  or 
larger  in  diameter.  There  are  many 
types  of  inserted  tooth  cutters  and  in 
most  cases  the  blades  are  readily  re- 
moved  and   replaced   when  broken  or 


Tooth  Cutter  (Pratt  &  Whitney).  In 
this  type  of  cutter  the  teeth  or  blades  are 
secured  in  position  by  taper  pins  driven  Into 
holes  between  every  other  pair  of  blades;  the 
cutler  head  being  slotted  as  shown  to  allow 
the  metal  at  each  side  of  the  taper  pio  to  be 
pressed  firmly  against  the  mserted  blades. 


IntalocUng  Side  Cntteis  ~  These  cutters 
have  overlapping  teeth  and  may  be 
adjusted  apart  to  mamtam  a  definite 
width  for  milting  slots,  etc  ,  by  using 
packing  between  the  inner  faces. 


Plain  CuttMi  — These  cutters  are  for 
milling  fiat  surfaces  WTien  oier  ( 
inch  wide  the  teeth  are  usually  cut 
spirallv  at  an  angle  of  from  lo  to 
15  degrees,  to  give  an  easy  sheaniw 
cut  When  of  considerable  lengtH 
relative  to  diameter  they  are  caSed 
slabbing  mills. 
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Rose  Cutter  —  The  hemispherical  cuttei 
known  as  a  rose  mill  is  one  of  a  lai^ge 
variety  of  forms  employed  for  working 
out  dies  and  other  parts  in  the  profiler. 
Cutters  of  this  form  are  also  used  for 
making  spherical  seats  for  ball  joints,  etc 


Screw  Slotting  Cutter  —  Screw  slotting  cutters 
have  fine  pitch  teeth  especially  adapted 
for  the  slotting  of  screw  heads  and  similar 
work.  The  cutters  are  not  ground  on  the 
sides.  They  are  made  of  various  thick- 
nesses corresponding  to  the  numbers  of  the 
American  Wire  Gage. 


Shank  Cutter  —  Shank  milling  cutters  pre 
made  in  all  sorts  of  forms  with  shanks 
which  can  be  conveniently  held  true  in 
miller  or  profiler  while  in  operation. 

SheU  End  Cutter  —  Shell  end  mills  are  de- 
signed to  do  heavier  work  than  that  for 
which  the  regular  type  of  end  mills  are 
suited.  They  are  made  to  be  used  on  an 
arbor  and  are  secured  by  a  screw  in  the 
end  of  the  arbor.  The  end  of  the  cutter 
is  counterbored  to  receive  the  head  of  the 
screw  and  the  back  end  is  slotted  for 
driving  as  indicated. 

Side  or  Straddle,  and  Slabbing  Cutters  — 

Side  cutters  like  that  to  the  left  cut  on 
the  periphery  and  sides,  are  suitable 
for  milling  slots  and  when  used  in 
pairs  are  called  straddle  mills.  May  be 
packed  out  to  mill  any  desired  width 
of  slot  or  opposite  faces  of  a  piece  of 
any  thickness. 
Slabbing  cutters  are  frequently  made  with  nicked  teeth  to 

break  up  the  chip  and  so  give  an  easier  cut  than  would  be  possible 

with  a  plain  tooth. 


Side 


Slabbing 


I 


Slitting  Saw,  Metal  —  Metal  slitting  saws  are 
thin  milling  cutters.  The  sides  are  finished 
true  by  grinding,  and  a  little  thicker  at  the 
outside  edge  than  near  the  center,  for  proper 
clearance.  Coarse  teeth  are  best  adapted 
for  brass  work  and  deep  slots  and  fine  teeth 
for  cutting  tVim  meXaV. 
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Sprocket  "Wheel  Cutter  — Cutters  for  milling  the 
teeth  on  sprocket  wheels  for  chains  are  formed 
to  the  necessary  outline  and  admit  of  grinding 
on  the  face  like  regular  gear  cutters,  without 
changing  the  form  of  the  tooth. 


L«ft  Hand 


Left  Haud 
Cutter 


^55^ 


Bight  Hand 
Cutter 


Straight    Shank   Cutter  —  Straight    shank 

J         cutters  of  small  size  are  extensively  used 

in  profilers  and  vertical  millers  for  die 

sinking,   profiling,  routing,   etc.    They 

are  held  in  spring  chucks  or  collets. 

T-Slot  Cutter  —  Slots  for  bolts  in  miller 
and  other  tables  are  milled  with 
T-slot  cutters.  They  are  made  to 
standard  dimensions  to  suit  bolts  of 
various  sizes.  The  narrow  part  of 
the  slot  is  first  milled  in  the  casting, 
then  the  bottom  portion  is  widened 
out  with  the  T-slot  cutter. 

Woodruff  Key  Cutter  —  The  Whitney  Mfg. 
Go's  keys  are  semi-circular  in  f9rm  and 
for  cutting  the  seats  in  the  shaft  to 
receive  them  a  cutter  of  the  type  shown 
is  used.  These  cutters  are  made  of 
right  diameter  and  thickness  to  suit 
all  the  different  sizes  of  keys  in  the 
Woodruff  system. 

Cutting-off  Machine  —  For  cutting  desired  lengths  from  commercial 
bars  of  iron,  steel  or  other  material,  usually  has  stationary  tools 
and  revolves  the  work.  The  latter  is  gripped  by  the  rotating 
chuck;  and  as  the  tools  are  fed  toward  the  center,  the  spindle  in 
some  types  of  machines  is  driven  at  an  accelerated  speed  so  that 
as  the  diameter  of  the  cut  is  reduced,  the  speed  of  rotation  is  in- 
creased to  maintain  a  practically  uniform  surface  speed  of  work. 
In  cold-saw  cutting-off  machines,  the  work  is  held  in  a  vise  and  a 
rotating  circular  cutter  is  fed  against  it.  Such  machines  are  used 
not  only  for  severing  round  stock  but  also  for  cutting  off  square 
and  rectangular  bars,  rails,  I-beams,  channels  and  other  struc- 
tural steel  shapes. 

Cutting-off  Tool  Post  — The  tool  block  used  on  the  cross  slide  of  a 
turret  lathe  or  other  machine  for  carrying  the  tool  for  cutting  off 
the  completed  piece  of  work  from  the  bar  of  material  held  in  the 
chuck.  The  tool  post  may  be  made  to  receive  a  straight  tool  or 
a  circular  cutter. 
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n  the  tail  spindle  of  a  laUie  or  grinder 


DaniaU  Planer —  See  Planer, 
Dead  Center  — The  center 
which  does  not  revolve. 
Derrick  —  Slniclure  consisting  of  a  fixed  upright  and  an  arm  hinged 
al  bottom,  which  is  raised  and  lowered  and  usually  swings  around 
to  handle  heavy  loads- 
Dial  Fead  —  A   revolving    disk    which  carries  blanks  between  the 

punch  and  die. 
Diamond  Hand  Tool  —  Used  for  dressing  grinding  wheels  after  the; 
have  been  roughed  out  with  the  cheaper 
forms  of  cutters.  Fixed  diamonds  are 
usually  considered  better  than  tboee 
held  by  hand, 
clions  inserted  in  a  die  head  for  cutting 

Dlei  Screw  Plate   or  Stock  —  A    frame   or 
handleforholdingathreadingdie.  Some- 
times die  and  handles  are  of  one  piece. 
Die,  Spring  or  Prong —  Die  with  cutting 
— tions  in   the  end   of   prongs;  can 
adjusted  somewhat  by   springing 
prongs    together   with    a    collar    on 
outside. 
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E  Dies,  Compound  — 


ipound  bending  dies  of  the  type 
shown  the  work  is  ear- 
ned down  into  the  die 
by  punch  A,  and  held 
there  while  the  beveled 
fingers  B  act  upon  the 
slides  C  and  cause  them 
to  move  forward  in  the 
top  of  die  D  and  bend 


then 


erial  to  the  o 


line  of  the  punch.  Upon 
the  up-stroke  of  the 
punch  the  slides  C  are 
pressed  outwardly  by 
their  springs  and  Ihe 
t  piece  of  work  I'i  removed  by  the  punch  from  the  die.  It  will 
leen  thjt  the  h  Idcr  f  r  punch  A  upon  which  depends  the  ia- 
Tfo-m  ol  the  piece  being  bent,  khoI^cbiuvA'^  !etiMi<*'B\iM 
;r,  but  is  instead  adapted  to  sMe  vip  an6  4a»in.  "m  'a*  m^. 


^^r  DIES,  PUNCH  FRESS—Coniinutd 

^^Rftlthougfa  prevented  from  turning  by  "  smsH  pin  at  tlie  upper  ei 
^^Rof  the  shaAk  which  is  engaged  by  a  slot  in  the  punch  carrier.   The 
^^Veprings  shown  above  the  punch  proper  tend  to  hold  the  punch  in 
^^H^  lower  position  and  at  the  same  time  after  the  punch  has  passed 
^Hpdown  into  Ihe  die  allow  the  punch  carrier  to  descend  still  further 

In  press  fingers  B  into  operation  against  shdcs  C  which  bend  the~  | 

nork  to  the  outline  of  the  punch. 


1^^^ 


1 


(he  die  and  the  bottoai  of  thi 
shaped  to  conform  (□  the  beni 
desired  to  give  the  blank.  Aci 
type  is  shown  in  the  engraving. 


In  simple  bending  dies  the  upper  face  of  the  die  Is 
the  desired  form  and  the  piece  of  work  formed  lo  required  shaj 
by  being  pressed  directly  down  into  the  die  by  the  punch. 

Blanking  Dies  —  Blanking  dies  are  about 

the  most   commonly   used   of   all    ibe 

varieties  of  press  tools.     A  simple  form 

of  die  is  seen  in  the  illustration.     The 

ip  of  sheet  metsd  is  fed  under  Ihc 

ipper  and  is  prevented  by  that  mem- 

r  froni  lifting  with  the  punch  upon 

1  the  up-slroke,  following  the  punching 
out  of  the  blank.  Where  severril 
punches  are  combined  in  one  hole  for 
blanking  as  many  pieces  sitnullane- 
ously,  ihey  are  known  as  multiple 
blanking  tools. 

Bulging  Dies  —  The  "before  and  after" 
sketches  show  the  character  of  the 
work  handled  in  bulging  dies.  The 
shell  after  being  drawn  up  straight 
is  placed  over  mushroom  plunger  A 
in  the  bulging  die,  and  when  the 
punch  descends  the  rubber  disk  B  a 
forced  oui,  eitpanding  the  shell  into 
the  curved  chamber  formed  by  the 
punch  and  die.  Upon  Ihe  punch 
ascending,  the  rubber  returns  to  its 
original  form  and  the  expanded  work 
b  then  removed. 


lutH 


I 


Bumtehing  Diss  —  Burnishing  dies  are  maidi:  a.  \\^.\^K 
_       bottom  than  at  (he  top  and  when  tVewoTV. 
^L   the  diEj  (be  edge  of  the  piece  is  given  a.  ■ 


Lei&' 


"■■iimg  pFocett  f rvrms  a 


a  tlie  latter  lection  the  o 


fof  iamaag  deigns 
oa  sQrcTware,  medab, 
jewelry,  rtc  The  po- 
Ettion  c^  the  wcu^ 
tbe  retaining  coller 
and  the  dies  are  indi- 
cated at  A,  B,  and  C. 
is  shown  delivered  at  the  Vap  of  the 


C«mblnatiOD  Diet  —  Combination  dies  are  used  in  single  acting 
s  for  such  work  as  cutting  a  blank  and  at  the  same  stroke 
turning  down  the  edge 
and  dmwing  the  piece 
into  the  required 
shape.  In  most  cases 
the  work  is  pushed  out 
of  the  dies  by  the  ac- 
tion of  a  spring.  Such 
a  set  of  dies  is  shown 
in  the  engraving,  for 
making  a  box  cover 
and  body.  The  work 
is  blankfd  by  cutting- 
punch  A,  and  form^ 
lo  the  right  shape  by 
B  and  C,  the  former 
holding  the  piece  by 
spring  pressure  to  the 
block  C  while  punch  .4 , 
continuing  to  descend, 
draws  the  box  to  the  required  shape.  Ring  D  acts  as  an 
ejector  or  shcddcr  and  is  pressed  down,  compressing  the  rtibber 
at  K  (luring  the  drawing  operation,  and  upon  the  up-stroke  of  the 
punch,  ascends  end  ejects  the  work  from  Ibe  dies. 

Dic-B  of  tliis  type,  with  u  spring  actuated  punch  or  die  inside  the 
regular  blanking  tool,  are  often  used  tor  simultaneously  blanking 
and  piercing,  blanking  and  bending,  etc. 

It  will  be  noticed  that  the  lower  view  in  the  group  showing  the 
work  at  the  ligbt-hand  side  of  the  sectional  illustration  of  the  die, 
rcpre«-nts  the  box  cover  and  body  as  ihey  appear  when  assembled 
after  the  sujicrfliious  metal  in  the  flange  or  "  fin  "  has  been  re- 
nioitil  in  a  trimming  die.  This  fin  as  left  on  the  piece  when  com- 
'lg  from  till"  combination  die  is  shown  in  the  view  immediately 
Hferthr  hlank.  A  trimming  die  tot  fini^in^  such  work  evenly 
Aorni  oa  /age  597. 
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Compound  Dl««  —  Com- 
pound dies  hdVG  a  die 
m  the  upper  punch 
and  a  punch  in  the 
lower  die  The  femlle- 
making  tools  shown  have 
a  blanking  and  outer 
drawing  punch  A,  with 
a  central  die  B,  to  re- 
ceive lower  punch  C 
which  cuts  out  the  cen- 
ter of  the  ferrule  blank 
and  allows  the  metal  to 
be  drawn  down  inside 
as  uel!  as  outside  of  the 
bevel  edged  member  D. 
Ah  the  nork  is  drawn 
down  nng  F  descends 
comprtr,-.ing  rubber  cush- 
ion F  below  and  upon 
the  return  movement  ihe 
ferrule  is  ejected  from  the 
die. 
Cupping  Dlei  —  Used  for  drawing  up  a  cup  from  a  disk  or  planchet. 

Same  as  drawing  dies. 
Curling  Dies  —  Curling  dies  are  used  for  producing  a  curled  edge 
around  the  top  of  a  piece  drawn  up 
from  sheel  metal.  When  the  top  is  to 
be  stiffened  by  a  wire  ring  around 
which  Ihe  metal  is  curled,  a  wiring  die 
is  used,  Ihe  construction  of  which  is 
acticall)'  the  same  as  the  curling  die. 
"The  illustration  shows  a  curling  die 
and  the  appearance  of  a  shell  at 
various  stages  during  the  operation 
of  curling  over  the  edge.  The  dia- 
grams A,  B,  C,  D,  show  the  progress 
in  the  curling  process  as  the  punch 
descends,  pressing  down  on  the  edge 
of  the  straight  drawn  shell. 
-  Dinking  dies,  or  hollow  cutters,  although  not  usu- 
ally classed  with  regular  dies  are  used 
so  coinroonly  as  to  entitle  th£ra  to  be 
listed  in  that  class.  They  are  adapted 
to  punching  out  all  sorts  of  shajies 
from  leather,  clolh,  or  paper.  The 
edges  of  the  dies  (a  few  specimens  of 
which  are  shown  in  ttvt  w.^iisK-w^  »» 
usuiWy  beve\eA  aXwiM\.  id  ie:««w-  ^s^ 
side.  VJ\icTc  majit  Iot  tjibss  nb*x* 
handk  is  omiVVeA.      N*  ^  wiA^*^ 
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the  cutting  edge  of  the  die  to  strike  on,  a  block  is  built  up  ol 
seasoned  rock  maple,  set  endwise  of  the  grain. 

Double  Action  Dies  —  This  type  of  die  is  used  in  a  press  which  has 
a  double  acting  ram;  that  is,  there  are  two  slides,  one  inside  the 

other,  which  have  different  strokes. 
To  the  outer  slide  is  fastened  the  com- 
bined cutting  punch  and  blank  holder 
Af  which  is  operated  slightly  in  ad- 
vance of  the  drawing  punch  B  actu- 
ated by  the  inner  slide.  The  blank 
upon  being  cut  from  the  stock  by  A^ 
drops  into  the  top  of  the  die  at  C  and 
is  kept  under  pressure  by  the  flat  end 
of  cutting  punch  A  to  prevent  its 
wrinkling,  while  punch  B  continues 
downward  drawing  the  metal  from 
between  the  pressure  surfaces  and  into  the  shape  required. 


r-<^ 


\^2zzazs2iJ 


Tb«  Work 


Drawing  Dies,  Plain  —  Dies  of  the  type 
shown  can  be  used  for  shallow  draw- 
ing only,  as  there  is  no  pressure  on 
the  blank  to  prevent  its  wrinkling 
when  forced  down  into  the  die  by 
the  punch.  The  blank  fits  the  recess 
A  in  the  upper  face  of  the  die  and 
the  die  itself  which  is  slightly  tapering 
is  made  the  diameter  of  the  punch 
plus  twice  the  thickness  of  the  wall 
required  for  the  shell.  The  bottom 
edge  B  of  the  die  strips  the  shell  from 
the  punch  when  the  latter  ascends. 
Re-drawing  dies  are  used  for  drawing 
out  a  shell  or  cup  already  formed 
from  the  sheet  metal.  In  the  illus- 
tration, a  shell  ready  for  re-drawing 
is  shown  in  position  in  the  dies,  which 
need  little  explanation.  The  work  is 
located  in  the  upper  plate  i4,  and  after 
being  forced  through  the  die  5,  is 
stripped  from  the  punch  by  edge  C. 
Ordinarily,  a  shell  which  is  to  be 
,  given  considerable  elongation,  is  passed  through  a  number  of  re- 
drawing dies. 

Re-drawing  dies  are  sometimes  referred  to  as  reducing  dies, 
although  the  latter,  as  explained  under  the  proper  heading  on 
page  5(;4,  are  used  for  drawing  down  the  end  of  a  shell  only,  as 
in  the  case  of  a  cartridge  shell,  which  is  made  with  a  neck  some- 
what smaller  in  diameter  than  the  body. 
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-  of 
siker  and  other  soft  metais,  in  exact 
reproluttion  of  chased  work.  The 
die  aa  shonn  is  a  hinged  mold  cast 
from  carved  models  and  finished  nilh 
all  detdils  clean  and  sharp.  The 
shell  to  be  forked  is  filled  with 
liquid  and  enclosed  in  the  die  and 
a  plunger  in  the  press  ram  then  de- 
scends and  ciuscs  the  fluid  to  force 
themetaloutlnlo  the  design  in  thedie. 
—  Follow  tools  consist  of  Ifto  Or  more  punches  and 
f  yiiinch  holder  and  die  body,  these  being  arranged  in 
tandem  fashion  so  that  after  the  first 
operation  the  slock  is  fed  to  the  next 
point  and  a  second  operation  per- 
formed and  so  on  In  the  die  shoaii, 
which  IS  for  making  piece  A,  the  atrip 
of  metal  is  first  entered  beneath  stripper 
B  far  enough  to  allow  the  first  shell 
to  be  drawn  at  the  firsi  stroke  by 
punch  C  and  die  D  The  metal  ig 
then  moved  along  one  space  and  the 
shell  drawn  at  the  first  stroke  is  cen- 
tered and  located  wnhin  the  locating 
portion  of  piercing  die  E  At  the 
next  strobe  the  hole  in  Ihe  center  is  pierced  with  punch  F,  and 
a  second  shell  drawn  in  the  slock  by  punch  and  die  C  and  D. 
The  slock  is  then  fed  forward  another  space  and  the  blanking 
punch  G  cuts  out  the  piece  from  the  metal.  At  the  same  stroke 
a  third  piece  is  being  formed  on  the  end  of  (he  slock  and  a 
ond  hole  pierced.  Thus  three  operations  are  carried 
simultaneously. 
Gang  Dies  —  Gang  tools  have  two  or  more  punches  and  dies  it 

holder  for  making  as  many  openings 
in  a  blank  at  one  stroke  of  the  press. 
Sometimes  dies  which  perform  a  num- 
ber of  operations  on  a  piece  which  is 
fed  along  succe^vely  under  one  punch 
after  another  are  called  "gang"  dies; 
strictly  speaking,  however,  such  tools 
are  "follow"  dies.  Where  a  large  num- 
ber of  punches  arc  combined  they  are 
called  3,  multiple  punch,  or  if  they  are 
r  for  piercing   are  sometimes  known  aa 


I 
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"■— **"![  IHw  —  Heading  dies  Urike  up  the  heads  aa  c 

other  shells,  and  are  geaerally  operated  in  a  horizontal  Heading 
machine. 

Index  Dies  —  For  certain  classes  of  work  such  as  notching  the  edges 
of  large  disks  or  armature  punchings,  an  index  die  is  somKtimes 
used  consisting  of  a  rotary  indei  plale  adapted  to  carry  tfaenork 


Btep  by  step  past  the  punches  which  ci 
of  notches  at  each  stroke  of  the  press. 
Fofontting  IMe*  —  Perforatbg  took  cons 


e  notch  or  a  si 


of  a  number  of  piercing 
tools  in  one  set  of  dits 
and  may  be  called  also 
multiple  piercing  tools. 
Id  the  example  shown, 
which  punches  a  large 
number  of  holes  in  a 
disk,  the  work  is  held 
by  the  spnng-controlled 
pressure-pad  4  against 
the  face  of  the  die  B 
while  the  punches  at 
C  are  forced  down 
through  the  sheet  metaL 
In  this  case  the  punches 
are  easily  replaced  when 
broken,  by  u 


Ptcrcing  Dies  —  Piercing  tools  are  used  for  punching  small  holes 
through  sheet  metal.  Where  arranged  for  punching  a  large 
number  of  holes  simultaneously  they  are  often  called  perforating 

Kercing  Dle»,  Compound  —  Compound  piercing  tools  have,  in  addi- 
tion to  the  regular  punches  carried  by  the  holder  in  the  ram,  a 
set  of  horizontal  punches  for  making  holes  through  the  sides  of 
the  work.  These  side  punches  are  operated  by  slides  moved 
inward  by  wedge-shaped  fingers,  the  arrangement  being  the 
same  as  in  the  case  of  the  compound  bending  dies,  an  illustration 
of  which  is  given  under  that  head. 

Reducing  Dies  —  Reducing  dies  are  re-drawitig  dies  for  reducing  a 
portion  of  the  shell  only,  whereas  the  regular  re-drawing  die 
reduces  the  whole  length.  Reducing  dies  for  cartridge  shells 
form  the  familiar  "bottle  neck"  shell  now  so  commonfy  manu- 
factured, with  a  larg  body  for  the  powder  and  a  smaller  neck  into 
which  the  bullet  is  secured.  In  dial  feed  presses  otdinarly  em- 
ployed for  cartridge  making  operations,  two  or  more  reducing 
dies  are  often  used  for  shaping  the  neck  of  the  shell  to  the  re- 
quired dimensions,  each  die  operating  in  turn  upon  the  shell  as  it 
is  carried  around  stip  by  step  under  the  press  tools  by  the  inter- 
mittent  rotary  movement  o£  the  leedmg  diaY. 
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Riveting   Dlw  —  Rivetmg   dies   for   tlu 
punch  press  are  provided  with  cavt*B 
ties  in  the  working  faces  to  suit  the^ 
shape  of  the  he-dd  it  is  desired  to  pro*  4 
duce  aa  the  ends  of  the  rivets 


Sectionil  Dies  —  Freiiuenlly  dies  of  ci 

plicated  outline  are  biult  up  in  soon 
lions  to  enable  them  to  be  more  easily 
constructed  and  tcpt  in  order.  This 
form  is  resorted  to  often  in  the  case 
of  large  dies  where  a  break  at  one 
point  would  mean  considerable  ex- 
pense  for  a  new  die.  Also  the  diffi- 
culties of  hardening  aiE  reduced  with 
Ihe  sectional  construction.  As  shown, 
the   various  parts  are  secured   to   a 


Shearing  Dies  —  Shearing  dies  are  used 
for  cuttuig-ofi  operations,  and  are  fre- 
quently combined  with  other  press 
tools  so  that  after  certain  operationson 
a  piece  it  can  be  severed  from  the  end 
of  the  stock.  The  shearing  tools  in 
the  engraving  are  arranged  for  simpjy 
cutting  up  stock  into  pieces  of  the 
required  [eng^h  and  the  punch  itself 
is  of  the   inserted   type  secured   by 


Split  Dies  —  Split  dies  form  one  type  of  sectional  die  —  the  simplest;,  M 
they  are  made  in  halves  to  facilitate  working  out  to  shape,  hard- 
ening, and  economical  maintainance. 

Sub-preas  DIm  —  A  sub-press  and  its  tools  are  represented  on  the 
folbwing  page.  Such  tools  are  used  fur  small  parts  which  have 
to  be  made  accurately  and  are  very  common  in  watch  and  type- 
writer shops  and  similar  places.  The  tools  are  held  positively  in 
line  in  this  press  and  as  a  result  Iheir  efficiency  is  mablained 
indefinitely.  The  press  is  slipped  bodily  into  the  regular  power 
press  with  the  base  clamped  to  the  press  bed  mA  ii«.  woilt  <i.^«. 
^     tub-press  plunger  connected  with  Ac  ia.m  oi  'Ok  -exwa- 
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fl^g  Diea  —  Swafiing  operations  are  resorted  to  where 
aired  to  shape  up  or  round  over  ihc  edges  of  work  already  blanked 
put.  Thus  in  watch  wheel  work  the  anas  and  inside  edges  of 
^e  rims  are  soractimes  swaged  lo  a  nicely  rounded  form  subse- 
quently to  the  blanking  out  of  the  wheel  in  the  sub-press.  Swag- 
^g  dies  for  such  work  are  of  course  made  with  shallow  impressions 
which  cocreapond  to  a  split  mold  between  the  two  halves  of  which 
^he  blank  is  properly  shaped. 
Bullet  swaging  dies  receive  tte  slu^  as  it  comes  from  the  bullet 
mold  and  shape  ihe  end  to  the  required  cone  point. 

Trimming  Dies  —  Trimming  dies  remove 
the  superfluous  metal  left  around  the 
edges  or  ends  o£   various   classes  of 
drawn  and  formed  work.     In  the  case 
shown,    ihe   box    body   A    has    been 
drawn  up  and  a  fin  left  all  the  way 
round;  this  is  dropped  into  the  trimming 
die  B  and  the  punch  C  in  currying  it 
through  the  die  trims  the  edge  off  evenly, 
as   indicated.     Work    of    Ihe    natme 
shown  in  ihis  illustration  is  blanked,  drawn  up  and  formed  ready 
for  trimming,  by  means  of  combination  tools,  a  typical  example 
cf  which  wul  be  found  under  the  combination  die  heading  on 
.page  Sgo.    The  box  body  illustrated  hare  as  it  appears  before  and 
after  trimming  is  shown  in  connection  with  the  combination  dieft.! 
" "  ■■   .ppears  in  the  blank,  after  it  is  formed,  and  after  assemblings 


used  in  triple-acting  presse  . 
where  in  addition  to 
the  double-action  slides 
which  take  the  place  of 
the  regular  single-acting 
ram,  there  is  also  a 
third  slide  or  plunger 
which  operates  under 
the  table  or  die  bed. 
Thus  a  piece  like  that 
shown  which  has  to  be 
blanked,  drawn  and 
embossed,  is  opei  ated 
upon  from  above  by 
the  cutting  and  draw- 
ing punches  A  and  B, 
and  upon  the  latter 
carrying  the  drawn 
work  down  to  the  face 
of  the  embossing  dre  C,  that  die  is  forced  upward  by  the  plunger 
D  beneath  and  gives  the  piece  the  desired  impression.  On  the 
up-alroke  of  the  punch  the  work  is  atrippeAitwo.NS-Nji'iS 
'  "  of  (he  press. 


^B.  fo^ 

^Hr.page 
^H  after 

^n,   with 


4 


I 


DIES,  PUNCH  PRESS  — Contimui 


as  plain  curling  dies. 
In  the  engraving,  tlic 
wire  ling  is  shown  at 
A  around  the  top  of 
the  shell  to  be  wired 
and  m  a  channel  at 
the  top  of  the  spring- 
supported  ting  B.  A3 
indicated  in  the  lower 
illustration,  the  punch 
as  It  descends,  de- 
presses the  ring  B 
and  curls  the  edge  of 
the  shell  aiound  the 
wire  nng  A. 

Ditkt,  Rafarence  —  Accurate  disks  of  standard  dimensions  for  setting 
calipeis  and  measuring  with.     Usually  of  hardened  steel. 

Divider,  Spring  —  The  spring  tends  to  force 
the  pobts  apart  and  adjustments  ai«  made 
by  the  nurled  nut  on  the  screw. 

Doctor  —  Local  term  for  adjuster  or  adapter  so  that  chucka  from 
one  lathe  can  be  used  on  another.  Sometimes  used  same  as 
"dutch  man." 

Dog —  Name  given  to  any  projecting  piece  which  strikes  and  moves 
some  other  part,  as  the  revereing  dogs  or  slops  on  a  planer  or 
milling  machine.     Sometimes  applied  to  the  pawl  of  a  ratchet. 

Dog,  Clamp  —  Grips  work  by  clamping  with  the  two  parts  of  the 
dog.     There  are  many  types  both  home-made  and  for  sale. 

Dog,  Lathe  —  Devices  for  clamping  on  work  so  that  it  can  be  re- 
volved by  face-plate.  Straight  tail  doss  are  driven  by  a  slud  on 
face-plate.  Curved  tail  (usual  way)  dogs  have  the  end  bent  to 
go  into  a  slot  in  face-plate. 


S^ 
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Drag  —  The  bottom  part  of  a  flask,  sometimes  called  the  nowell. 

Draw  Bench  —  Place  where  wire  is  drawn  from  rods,  being  drawn 
through  plates  or  bull  blocks  with  successively  smaller  openings. 

Drift  —  A  tool  for  cutting  out  the  sides  of  an  opening  while  dritren 
through  with  a  hammer. 


C 


DiOl 


< 


DRILLS 

Center  Drill  —  The  short  drills  used  for  cen- 
tering shafts  before  facing  and  turning  are 
called  center  drills.  The  drill  and  reamer 
or  countersink  for  the  60  degree  center  hole 
when  combined  as  shown  allow  the  center- 
_     ,  .      .  ing  to  be  done   more   readily   than   when 

Combination  separate  tools  are  used. 

Core  Drill  —  The  core  drill  is  a  hollow  tool  which  cuts  out  a  core 
instead   of   removing   the   metal  in  the  form  of   chips.     Such 

^^_________        drills  are  generally  used  to  procure  a 

^  [    [  I'  '))      core  from    the    center  of   castings  or 

forgings  for  the  determination  of  the 
tensile  strength  or  other  physical  properties  of  the  metal. 

Gun  Barrel  Drill  —  Gun  barrel  drills  are  nm  at  high  speed  and 
under  very  light  feed,  oil  being  forced  through  a  hole  in  the  drill 

to  clear  the  chips  and  cool  the  cut- 
j  ^      ting  point  and  work.      The  drill  itself 

is  short  and  fastened  to  a  shank  of 
suitable  length. 
Hog  Hose  Drill  —  More  like  a  boring  tool.    Mostly  used,  for  boring 
out  cored  holes.    Must  be  very  stiff  to  be  effective  but  when 
made  right  and  used  to  advantage,  does  lots  of  hard  work. 

Hollow  Drill  —  The  hollow  drill  is  for  deep-hole  drilling.    It  has 

an   opening   through   the  body  and  is 

^.t /&^^-~5;^^:::>-:;:::^^*^      attached  to  a  shank  of  the  necessary 

^--^ i3f^^^^^^^^^Ss=/      length  for  the  depth   of    hole    to    be 

drilled. 
Oil-drill   (Morse)  —  These   drills  convey  lubricant    to    the   point, 

through  holes  formed  in  the  solid  metal. 
^        ^  ^T^^eg^S^^V       Where  the  drills  are  larger  than    2} 
M"        f\  ififci .  v' ^B^&/       inches  an  inserted  copper  tube  is  em- 
ployed to  carry  the  oil  to  the  drill  point 
•  and  wash  out  the  chips  ahd  keep  the  drill 
cool.    The  oil  enters  through  the  hollow 
shank  or  through  a  connection  at   the 
side  as  shown. 


Ratchet  Drill  —  The  square  taper  shanks 
of  these  dtiWs  ax^  xaaAft.  \»  4s^  ^  x^^s^^ 


Twist 


2 


Flat 


^  "V         for  dr\\\m^\vo\c&\yj  \\a.\A, 
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DRILLS  —  CorUinued 


Three  Groove 


Four  Groove 


Shell  Drill  —  Shell  drills  are  fitted  to  a  taper 
shank  and  used  for  chucking  out  cored 
holes  and  enlarging  holes  drilled  vvritb 
a  two-flute  twist  drill.  The  angle  of 
the  spiral  lips  is  about  15  degrees. 

Straight  Flute  DriU  — The  straight  flute,  or  "Farmer"  drill  as  it  is 
frequently  called  after  its  inventor,  does  not  clear  itself  as  well 

as  the  twist  drill  does,  but  is  stiffer, 
and  does  not   "run"  or  follow   blow- 
holes or  soft  spots  as  readily  as  the 
twist  drill.     It  is  also  better  for  drilling  brass  and  other  soft 
metals. 

Three  and  Four-groove  Drills  —  Where 
large  holes  are  to  be  made  in  solid  stock, 
it  is  advisable  to  use  a  three  or  four 
groove  drill  after  running  the  required 
two-flute  drill  through  the  piece.  These 
drills  will  enlarge  the  hole  to  the  size 
required  and  are  also  useful  in  boring 
out  cored  holes  in  castings. 
Twist  DrUl  —  Usually  made   with  two  flutes  or  grooves^  running 

around  the  body.    This  furnishes  cut- 
^^^^^'^^!>»Jx  1  1         ^       ting  edges  and  the  chips  follow  the  flutes 

out  of  the  hole  being  drilled. 

(  ^ —  >     Wood  Drill  (Bit)  —  Bits  for  wood  drilling 

p^  are  made  in  various  forms.     The  pod 

^^__^  drill  is  cut  out  hollow  at  the  working 

[  (      0»^S^>C5^S^!^  end;  the  double  flute  spiral  drill  has  a 

Bit  Point  regular  bit  point;  the  single  flute  drill 

^_^__^  is  full  diameter  for  a  short  distance  only 

(   (  ,-^    ^^^M^     ^C^  21^^  is  cleared  the  rest  of  the  length  as 

Single  Flute  indicated. 

Drill,  Chain  —  Device  to  be  used  in  connection  with  a  brace  or 
breast  drill  in  many  places  where  it  is  not  convenient  to  bring  a 
ratchet  drill  into  use. 
Drill  Speeder  —  Device  which  goes  on  drill  spindle  and  gears  up  the 
speed  of  drills  so  that  small  drills  can  be  used  economically  on 
large  drill  presses. 
DriU  Vise  —  See  Vise,  Drill. 

Drill,  Radial^ Parts  of 


1.  Vertical  driving-shaft  gear. 

2.  Center  driving-shaft  gear. 

3.  Elevating  tumble-plate  seg- 

ment 
.  Elevating-screw  gear. 
Column  cap. 


6.  Vertical  driving  shaft. 

7.  Column  sleeve. 

8.  Elevating-lever  shaft. 

9.  Elevating  screw. 
10.  Kira.  ^vt^^. 

11.    KTTCV-\Atvdft,X  \\a.TV^t. 
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1.  Spindle  sleeve. 

..  Feed  rack. 

p.  Spindle. 

I.  Saddle-binding  lever. 

l.  Feed  hand  wheel. 

;.  Head-moving  gear. 

i.  Arm-swinging  handle. 

'.  Elevating  lever. 

1.  Clampng  ring. 

I.  Claminng-riQg  handle. 

>.  Column. 

:.  Column  driving-milei's. 

I.  Driving-shaft  coupling. 

(.  Driving  pulley, 

i.  Speed-change  lever. 

|.  Speed- boi  case. 


;.  Full  univeisal  arm. 
I.  Ann-clamping  nuts. 
'.  Arm-dowel  pin. 

,  Saddle. 

1.  Reversing  lever. 

I.  Back-gear  lever. 

;.  Feed-trip  lever. 

J.  Universal  head. 
i.  Quick-return  lever. 
1-  Feed-rflci  worm  aba. 


DWLi.  PKEss-c,,vam„,  wicmm 
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Drill  Pren — Parts  of 


1.  Main  driving  gears,  bevel. 

2.  Back  gears. 

3.  Upper  cone  pulley. 

4.  Yoke  to  frame. 

5.  Feed  gears. 

6.  Counterweight  chains. 

7.  Feed  shaft. 

8.  Spindle. 

9.  Back-gear  lever. 

10.  Column. 

11.  Automatic  stop. 
I  a.  Spindle  sleeve. 

13.  Feed-trip  lever. 

14.  Hand-feed  wheeL 

15.  Quick-return  lever. 

16.  Feed  gearing. 

17.  Feed  box. 


18.  Feed-change  handle. 

19.  Sliding  head. 

30.  Face  of  column. 

31.  Back  brace. 
33.  Belt  shifter. 

33.  Rack  for  elevating  table. 

34.  Table-arm  clamping  screws. 

35.  Pulley  stand. 

36.  Lower  cone  pulley. 

37.  Belt-shifting  fingers. 

38.  Tight  and  loose  pullejrs 

39.  Table. 
Table-damp  screw. 
Table  arm. 
Table-adjusting  gear. 
Base. 
Ball-thrust  bearing. 


30 
31 
32 
33 
34 


Drive  or  Force  Fit  —  See  Fit. 

Dry  Sand  Molds  —  Molds  made  of  green  sand  and  baked  dry  in 
ovens  or  otherwise  dried  out  before  pouring. 

Dutchman  —  Local  term  for  a  wedge  or  liner  to  make  a  piece  fit. 
Used  to  make  a  poor  job  useable.  A  round  key  or  pin  fitting 
endwise  in  a  hole  drilled  half  in  a  shaft  and  half  in  the  piece  to 
be  attached  thereto. 


Ejector  —  An  ejector  on  punch  press  work  is  a  ring,  collar  or  disk 
actuated  by  spring  pressure  or  by  pressure  of  a  rubber  disk,  to 
remove  blanks  from  the  interior  of  compound  and  other  dies.  It 
is  often  called  a  shedder. 

Elliptic  Chuck  — See  Chuck,  Oval. 

Emery  Jointer  —  Grinder  for  making  a  close  joint  between  the  share 
and  mold  board  of  steel  plows. 

Emery  Wheel  Dressers  —  See  Grinding  Wheels  and  Diamonds. 

End  Measuring  Rod  —  Arranged  for  internal  measurements  similar  to 
the  internal  cylindrical  gages. 

Expanding  Arbor  or  Mandrel  —  See  Arbor. 

Extractor,  Oil  —  Machine  for  extracting  oil  from  iron  and  metal 
chips.  Revolves  rapidly  and  throws  out  the  oil  by  centrifugal 
force. 


Face  Cam  —  See  Cam,  Face. 

Face  Plate  —  The  plate  or  disk  which  screws  on  the  tvosft.  ^1  ^ViiJicisfc. 

spindle  and  drives  or  carries  work  to  \ie  tatneA.  ox\s««^.    "S^sKiR!- 

tunes  applied  to  table  of  vertical  bonng  mVliL 
'mc0  Reamer  —  See  Reamer,  Face. 


^  FEATHER 


ir«?i  ir^  yz^**z,\  a  y^-^,  jar  or  ocber  port.  £?dci  mnuDg  on  ik 
K:af:  ic:  alV^-**  h  :o  =:»Te  jez^tbvise  as  wl  the  feed  sfatft  ised 
fxi  zr^jA  .ishti  z;:A  o±tz  vx/oi.    Feather  is  neazir  afwajs  futened 

—  r"g--a"j  tbc  scaxiocarj  part  cf  a  chiaziio 


Files  —  Trxjii  rj  zAxOdJoi.  sud  harz^  sliazp  cattii^  points  or  teedi 

acTo»  tbcir  surface    These  arc  foroed  np  bj  a  duscl  and  ham- 

c-er. 
FiUaf  Marhhir  —  Runs  a  file  bj  power,  nsnallT  Yvrtically.    Useful 

in  ncanr  kinds  of  small  work. 
Fin  —  The  thin  ed^  or  ciark  left  bj  the  parting  a£  a  mold  or  die: 

In  drop  forge  work  this  is  calkd  the  "dash.'' 
Fit,  Drfre  or  Force  or  Press  —  Fitting  a  shaft  to  a  hole  by  walring  dx 

YifAt  !io  the  shaft  can  be  driven  or  forced  in  with  a  sledge  or  some 

pr^wer  press,  often  requiring  manj  tons  pressme. 
Fit,  Running  or  SUding  —  Enough  allowance  between  shaft  and  hole 

Xfj  allow  it  to  mn  or  slide  without  sticking  or  heating. 
Fit,  Shrink  —  Fitting  a  shah  to  a  bole  by  making  the  hole  sl^tlj 

"-.mailer  than  the  shaft,  then  heating  the  piece  with  the  hole  till  i 

r,x\rzn*i%  enough  to  allow  shaft  to  enter.     Wlien  cool  the  shaft  is 

ver)'  tightly  seized  if  the  allowance  is  right. 
Fit,  Wrin^ng  —  A  smaller  allowance  than  for  running  but  so  dut 

the  shaft  can  \it  twisted  into  the  hole  by  hand.     Usually  applied 

Xfj  f/ftnt  such  work  as  a  boring  bar  in  a  horizontal  boring  ms- 

f.hine.     S^^metimes  used  in  connection  with  twisting  two  flat  sur- 

fa/cs  t<^^elher  to  exclude  the  air. 
Flask  —  The  frame  which  holds  the  sand  mold  for  the  casting. 

Inr.ludes  Jxnh  the  cope  and  drag. 
Flat  Reamer  —  See  Reamer,  Flat. 

Flatter — Round    face.    A    blacksnuth's 
tool  which  is  held  on   the    work  and 
struck  by  a  sledge.     Used  to  take  out 
hammer  marks  and  smooth  up  a  foig-   ; 
ing. 


Flute  —  Shop  name  for  a  groove.     Applied  to  taps,  reamers,  drills 

and  other  tools. 
Fly-wheel  —  Heavy  wheel  for  steadying  motion  of  machinery.    On 
an  engine  it  carries  the  crank  past  the  center  and  produces  a  ■ 
uniform  rotation. 
Follower  Rest  —  A  back  rest  for  supporting  long  lathe  work;  attached 
to  the  carriage  and  following  immediately  behind  the  turning  tool. 
Foot  Stock  —  The  tail  stock  or  tail  block  of  a  lathe,  grinder,  etc. 
Force  —  A  master  punch  which  is  used  under  a  powerful  press  to 
form  An  impression  in  a  die.     Forces  are  commonly  employed  in . 
the  mMng  of  coining  and  olY\eT  em\>o?&m^  ^\t^.    K^ymSoxXsjoI 
used  by  lewclcrs  is  called  a  "hub."     IX-  ^^  ?^tae\:\m^  ^k&kto^ns. 
incorrectly  as  a  "hob." 


1 
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Forge  —  Open  fireplace  for  healing  metals  for  welding,  forging,  etc. 

Has  forced  draft  by  fan  or  bellows. 
Forging  JPrew  — Heavy  machine  for  shaping  metal  by  forcing  into 

dies  by  a  steady  pressure  instead  of  a  sudden  blow  aa  in  drop 

forging.     Similar  to  a.  bulldozer. 
ForkCcntei^ — A  center  for  driving  woodwork  in  the  lathe.     Also 

used  in  hand  or  fox  lathes  for  driving  special  work. 
Fox  Lathe  —  Lathe  for  brass  worlters  having  a.  "chasing  bar"  for 

cutting  threads  and  often  has  a  turret  on  the  tail  stock. 
Franklin  Metal  —  An  alloy  having  zinc  as  a  base,  used  for  casting  in 

metal  molds. 
Fuller  —  Blacksmith's  tool  something  like  a  hammer,  having  a  round 
e  fur  spreading  or  fulling  the  iron  under  hammer  blowers. 


II  Furnace,  MntBc  —  Furnace  for  heating  steel 
o  harden,  in  which  the  flame  does  not 
:t  with  the  metals. 


In  machine  shops  applies  to  tool  racks,  lathe  pans,  tote 


[o        SP~ 


Depth  Gage  —  A  tool  for  measuring  the 
depth  of  holes  or  recesses.  The  body  is 
placed  across  the  hole  while  the  rule  is 

1  slipped  down  into  the  hole  to  be  meas- 
ured. In  many  cases  the  rod  is  simply 
a  wire  and  not  graduated. 


»  —  Hafibbdcsd 

different  thicknesses,  in  thousandtlisri 
an  inch,  so  that  slight  ^         " 
be  feh  o 


0«u  Tooth  DepOi  Gage— 


1  Limit  Gage  —  A  plug  or  other  eage  haiirf 
one  end  larger  and  the  other  siii-"~ 
than  the  nominal  size.  If  the  s 
end  of  the  plug  goes  in  but  the  luge 
end  does  not,  the  siie  is  between  the  iwo  and  withia  the  limits  U 
the  gage.  Similarl)',  in  Ihe  case  of  a  female  limit  ^ge,  if  the  largt 
end  of  the  gage  goes  over  the  piece  of  work  and  the  small  <ai 
does  not  go  over  it,  the  work  is  within  the  established  Umili 
Ordinarily,  one  end  of  a  limit  gage  is  marked  "  Go,"  and  lie 
other  end  "  Not  Go,"  or  else  they  are  stamped  +  and  — . 

r^kn Vi»<«-.   ""*  "^  *^^  G««e  — Gages   for  i__ 

[  iSsSil I^^^H         measunng  mside  and  outside  worka 


foTU 


n  setting  calipers. 
<r  thread  g 


Radius  or  Cuirc  Gage  —  Made  like  a  feeler  or  thread  gage  hut  lus 
each  blade  with  a  Kiven  outside  radius  on  one  end  and  inside 
radius  on  the  other  for  gaging  small  fillets  or  round  edges. 

Scratch  Gage  —  For  scratching  a  lii  . 

N^ a  given   dislance   from    one   side  d 

"'  '  'U- ^'    ' '         a     piece.     Adjustable    for    differwt 

&up  Gage  —  A  solid  caliper  used  for  dtho 
inside  or  outside  measurement.  Urn 
shows  a  combined  gage  for  outside 
and  inside  work.  Sizes  can  be  the  siiw 
or  give  the  allowance  for  any  kind  of  ft 

E^Uning  or  Key-Mat  Gage  —  Gage  for  laying  out  key-seats  on  shafu. 


garing 


between  a  flat  surface  such  as  a  pl^n 
table  or  a  surface  plate  and  some  point  on 
the  work.  This  can  then  be  transfered  « 
any  other  point. 


GAGES  —  GEARS 


607 


»einBs»B8tteatnnnnnny 


Thread  Gage  —  Tool  with  a  number  of 
blades,  each  having  the  same  number 
of  notches  per  inch  as  the  thread  it  rep- 
resents. Made  for  different  kinds  of 
threads  and  in  various  forms. 


Wire  Gage  —  Gage  for  measuring  sizes 
of  wire.  The  wire  fits  between  the 
sides  of  the  opening,  not  in  the  holes. 
Sometimes  made  in  the  form  of  a 
circular  disk. 

iTorm  Thread  Tool  Gage  —  For  grinding  thread  tool  for  worm  threads 
—  29  degree  angle. 

Gang  Tool  —  A  holder  with  a  number  of 

tools,  generally  used  in  the  planer  but 

sometimes  in  the  lathe.     E^h  tool  cuts 

'  a  little  deeper  than  the  one  ahead  of  it. 


GEARS 

Agular  Gears  —  Sometimes  applied  to  bevel  gears  and  also  to  spur 
gears  with  helical  or  skew  teeth.    See  those  terms  for  definition. 

jiniilar  Gear  —  Toothed  ring  for  use  in  universal  chucks  and  simi- 
lar places.  Teeth  can  be  on  any  of  the  four  faces  although  when 
inside  it  is  usually  called  an  internal  gear. 

Bevel  Gears  —  Gears  cut  on  conical  surfaces  to 
transmit  power  ^ith  shafts  at  an  angle  to 
each  other.  When  made  for  shafts  at  right 
angles  and  with  both  gears  of  the  same  size 
are  often  called  "miter"  gears.  Teeth  may 
be  either  straight,  skew  or  herring  bone. 

rown  Gear  —  A  gear  with  teeth  on  the  side  of  rim.  Used  before 
facilities  for  cutting  bevel  gears  existed.     Seldom  found  now. 

Elliptical  or  Eccentric  Gears  —  Gears  in 

which  the  shaft  is  not  in  the  center. 

>  0}         J  r^  O  J         }  ^         May  be  of  almost  any  shape,  oval, 

heart-shape,     etc.     Printing     presses 
usually  have  good  examples  of  this. 
[elical  Gears  —  Gears  having  teeth  at  an  angle  across  the  face  to 
give  a  more  constant  pull.     Also  give  side  thrust.     More  often 
called  "skew"  teeth. 

Herring-bone  Gears — Gears  having  teeth  cut 
at  a  double  angle.     Made  b'^  ^>a\.\jccv%  \:««5k 
helical    or    "skew"    looXYv    ^^."ax^   \wii|^^^^« 
Does  away  with  side  ot  exv^  \Jax>asX.. 


n  Mebic  Gcan  —  Fitnch  system  of  ""^"^  gears  with  in 

nMMnraiienL     Pitcb   diamMri  in   milliiiietMs  divided    by  ih 

numbcT  <rf  teeth  in  the  gBu. 
Pta  G«W  —  Gear  with  teeth  formed  by  pins  such  as  the  old  lantera 

pinnn.     Abo  fom^  by  sfaon  projecting  pins  or  knobs  and  odI; 

used  now  in  some  feeding  devices. 
QniD  C«sn —  Gears  or  pinions  cut  on  a  quill  or  sleeve^ 
-        -  -  See  HelitaL 


Spinl  Gcan  —  Spur  gean  with  spiral  teetli 
which  mn  togclher  at  an  an^e  and  dotbe 
work  of  bevel  geais. 


Staggered  Tooth  Gcan  —  Made  up  of  two  or  more  straight  tooth  spur 
gears,  teeth  set  so  that  teeth  and  spaces  break,  joints  instead ol 
presenting  a  continuous  pull. 

Worm  Ge«n  —  Spur  gears  with  teeth  cut  on  angle  to  be  driven  by  s 
Teeth  are  usually  cut  out  with  a  hob  to  fit  the  n 
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Sprocket  Gcan — Toothed  wheels  for  chain 
driving.  A  is  the  regular  and  B  is  a  hook 
tooth  for  ninning  one  way  only. 


Omt  Teeth  —  The  projections  which,  meshing  together,  transmit  a 
positive  motion.  The  involute  curve  tooth  is  now  almost  univer- 
sal. The  older  form  has  a  i4i  degree  pressure  angle  but  some  are 
using  a  shorter  tooth,  known  a^  a  "stub"  toolh,  with  la  degrees 
pressure  angle.  An  involute  tooth  rack  baa  straighl  sides  to  the 
teeth. 
Gean.  Pitch  of  —  Chorda!,  distance  from  center  of  one  tooth  to  center 
of  next  in  a  direct  line. 

Circular,  distance  from  center  of  one  tooth  to  center  of  next 
along  the  pitch  line, 

Diaiaeirat,  number  of  teeth  per  inch  of  diameter. 

Gmmv*  Motion  —  A  device  which  gives  a 
positive  but  intermittent  motion  to  the 
driven  wheel  but  prevents  its  moving 
in  either  direction  without  the  driver. 
The  driver  may  have  one  tooth  as  shown 
or  a  number  if  desired.  Also  made  so 
as  lo  prevent  a  complete  revolution  of 
the  driven  wheel. 
German  SHwtx  —  An  alloy  of  copper  60  parts,  zi 

Gib  —  A  piece  located  alongside  a  sliding  member  to  take  up  wear. 
Gland  —  A  cylindrical  piece  enveloping  a  stem  and  used  in  a  stuffing- 

boi  to  make  a  tight  joint. 
OiMn  Sand  Holds  —  Molds  made  of  sand  that  is  moistened  for 

molding  and  not  dned  out  or  baked  before  pouring. 


if:) 


0  parts,  nickel 


Grinder,  Disk  —  A  grinding  machine  hav- 
ing sleel  disks  miich  are  covered  with' 
emeiy  cloth.  Some  disks  have  spiral 
grooves  to  give  cushions  under  the 
emery  cloth. 


Grinder  Wheel  Dreuer  —  A  tool  consisting  of  pointed  or  corrugaled 
disks  of  hard  metal  which  really  break 
01  pryoS  small  particles  of  (he  grinding 
wheel  when  held  against  its  rapidly  re- 
volving surface. 


GRINDING  MACHINE 
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Grinding  Machine  — Parts  of 


Internal  grinding  fixture. 

as- 

Wheel-stand  slide. 

Water  guard  supports. 

36. 

Footstock  center. 

Water  guards. 

37. 

Diamond  tool-holder. 

Plain  back  rests. 

38. 

Footstock. 

Universal  back  rest. 

29. 

Tension  adjusting  knob. 

Automatic  cross-feed  pawl. 

30. 

Quick-adjusting  lever. 

Starting  and  stopping  lever. 

31- 

Clamping  lever 

Table-reversing  dogs. 

3a. 

Clamping  bolt. 

deadstock  index  finger. 

33- 

Table  scale. 

Live  spindle-locking  pin. 

34. 

Bed  water  guard. 

Live  spindle-driving  pulley. 

35- 

Sliding  table. 

deadstock. 

36. 

Swivel  table  knob. 

Dead  center  pulley. 

37- 

Swivel  table. 

Work  driving  arm  and  pin. 

38. 

Hand  wheel. 

deadstock  center. 

39- 

Table  travel  control. 

deadstock  base. 

40. 

Automatic  cross-feed. 

Cross-feed  hand  wheel. 

41. 

Universal  chuck. 

Reversing  lever. 

4a. 

Tooth  rest. 

Water  piping. 

43- 

Center  rest. 

Wheel-driving  pulley. 

44. 

Face-grinding  chuck. 

Wheel  guards. 

45- 

Face  plate. 

Spindle  box. 

46. 

Internal  grinding  counter. 

Wheel  stand. 

47. 

Work-driving  dogs. 

Wheel-stand  platen. 

ding  Wheels  —  Common  types  of  grinding  wheels  made  of 
:mery,  corundum,  carborundum  and  alundum,  are  the  disk,  ring, 
aucer,  cup  and  cylinder.  Disk  and  ring  wheels  are  used  on  the 
>eriphery;  saucer  wheels  on  the  thin  edge;  cup  and  cylinder 
(rheels  on  the  end.  The  latter  are  commonly  used  for  surface 
;rinding.     See  pages  224  and  225  for  other  shapes. 

v/AmmA  V/////////M 

Disk 


^^ 


wm 


Ring 


^ 


^ 


Cylinder 


Saucer  or  Dish 


e  —  Local  name  for  machine  clamp. 

ind  joint  —  A  joint  finished  by  grinding  the  two  parts  together 

vith  emery  and  oil  or  by  other  abrasives. 

ind  —  A  connection  between  the  electric  circuit  and  the  earth, 

geon  —  Local  name  for  a  trunnion  oi  "b^axvcv^  ^\C\Oq.  TjvcJ\fs^si> 

roJ22  apiece  as  a  cannon. 
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Guide  Liner  —  A  tool  for  use  in  locomotive 
work  for  lining  up  guides  and  cross  heads. 


H 

Half  Hut  —  A  nut  which  is  split  lengthwise.  Sometimes  half  is  used 
and  rides  on  screw,  in  others  both  halves  clamp  around  screw  as 
in  the  half  nut  of  a  lathe  carriage^ 


Hammer  —  The  common  types  of  machin- 
ists' hammers  are  the  ball  peen,  straight 
peen  and  cross  peen,  as  shown.  The 
so-called  engineer's  and  the  riveting 
hammers  have  cross  peens. 


Ball  Pe^n 


Straight  Peen 


Cross  Peen 


Riveting 


Engineers 


Hammer,  Blacksmith's  Flatter  —  A  flat- 
faced  hammer  used  to  smooth  the  sur- 
faces of  forgings.  Is  held  on  the  work 
and  struck  by  a  helper  with  a  sledge. 


Hammer,  Bumping  or  Homing  —  For  closing  seams  on  large  cans, 
buckets,  etc. 

Hammer,  Drop  —  Hammer  head  or  "monkey"  or  "drop"  is  raised 
by  hand  or  power  and  falls  by  gravity.  Sometimes  raised  by  a 
board  attached  to  top  of  hammer  head  and  running  between 
pulleys.     Others  use  a  belt. 


HAMMER —HUNTING  TOOTH 
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Hammer,  Helve  —  Power  hammer  in  which  there  is  an  arm  pivoted 
in  the  center  and  power  applied  at  the  back  end  while  the  hammer 
is  at  the  other  and  strikes  the  work  on  an  anvil. 

Hammer,  Lever  Trip  —  Trips  the  hammer  by  a  cam  or  lever  and 
allows  it  to  fall. 

Hammer,  Spring  —  Comparatively  small  hammer  giving  a  great 
variety  in  the  force  of  blow.  This  is  controlled  by  pressure  of 
foot  on  lever. 

Hand  Wheels,  Clutched  —  Hand  wheels  connected  to  shaft  by  a 
clutch  which  can  be  thrown  out  by  a  knob  or  otherwise  so  that 
accidental  movement  of  wheel  will  not  disturb  setting.  Used  on 
milling  machines  and  similar  places. 


rR^^=^i^ 


Hanger,  Drop  —  Shaft  hanger  to  be  fastened 
to  ceiling  with  bearing  held  in  lower  end. 

Hanger,  Post  —  Shafting  hanger  for  fasten- 
ing to  posts  or  other  vertical  structures. 
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Hardie  —  Blacksmith's  cutting  chisel  which 
fits  a  hole  in  the  anvil  and  iorms  the 
lower  tool  in  cutting  off  work. 


Harveyizing  —  The  surface  hardening  of  steel  armor  plates  by  using 
a  bed  of  charcoal  over  the  work  and  then  gas  turned  on  so  it 
will  soak  in  from  the  top.     Not  adapted  to  small  work. 

Hindley  Worm  —  See  Worm. 

Hoist,  Chain  —  Hoist  with  chain  passing  through  pulley  block  used 
for  hoisting. 

Holder,  Drill  —  Device  for  holding  drill  stationary  while  work  is 
revolved  by  lathe  chuck,  or  face  place.     Not  a  drill  chuck. 

Hooks,  Twin  or  Sister  —  Double  crane  hook  which  resembles  an 
anchor  and  allows  load  to  be  carried  on  either  side. 

Hub  —  A  master  punch  used  in  making  jewelry  dies  for  fancy  em- 
bossing, and  various  forms  to  which  articles  of  gold  and  silver  are 
to  be  struck. 

Hunting  Tooth  —  An  extra  tooth  in  a  wheel  to  give  it  one  more  tooth 
than  its  mate  in  order  to  prevent  the  same  teeth  from  meshing 
together  all  the  time. 


Idlar  or  Idln  Vvttxj  —  See  Pulley,  Idler. 

IncandcMOit  —  A  substance  heated  to  white  beat  as  m  the 

a  lamp. 
Indexing,  Compound  —  Indexing  by  combination  of  two  10 

index,  either  by  adding  or  sutHnKtine. 
Indesinc,  Dlflerantial  —  Indexing  with  the  index  plate  gearol ' 

spindle,  thus  giving  a  differential  motion  that  allows  the  ini 

(o  be  done  with  one  circle  □(  holes  and  with  the  indn 

lumed  in  the  same  direction,  as  in  plain  indexing. 
Indazing,  Dlrsd  —  Indexing  work  by  direct  use  of  dividing 

milling  machine. 
Indleatnr,   Lathe  TmI  —  Instrument  with  multiplying  leien   _ 

shows  slight  variations  in  the  truth  of  revolving  work.    U«il 

■elting  worli  in  lathe  or  on  face-plate. 


Ml 


Plain  Indicator 


Watch  Dial 
ir  which  runs  by  the  magnetic  pull  thm 
Usually  a  constant-speed  motor. 


for  leveling  and  holding  work  < 
and     similar     places.      Practically*   adju« 
blocking. 
Jack,   Screw — Device    for   elevating   we^hts 

/Jack  Shalt  — See  Shkft,  Jack. 
Jam  Plates  — Old  name  for  screw  plates  ani 

a  true  one  as  the  ihrcail  was  Jammed  instead  of 

^,  Drill  — A  cltviiT  tor  holding  work  while  drilling,  having  h 
in^s  through  which  the  drill  is  guidi'd  so  that  the  holes  are 
rcilly  locatid  in  the  pic'cc.  Milling  and  planing  jigs  (comm 
caJJcd  fixlurm)  hold  work  wVi\\e  \^  ra  TuactoneA  \ti  ■;!«  wi 
tnaihini-  nnri  planer.  Parts  vrudMCjjd  \ti  y,?,*  aivi  feWMK 
ialercbangra  Mc. 
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Joint,  Univenal — Shaft  connection  which 
allows  freedom  in  any  direction  and 
still  conveys  a  positive  motion.  Most 
of  them  can  transmit  power  through 
any  angle  up  to  45  degrees. 

Journal  Box  —  The  part  of  a  bearing  in  which  the  fdiaft  revolves. 


Kerf  —  The  slot  or  passageway  cut  by  a  saw. 

Key  —  The  piece  used  to  fasten  any  hollow  object  to  a  shaft  or  rod. 
Usually  applied  to  fastening  pulleys  and  fly-wheels  to  shafts;  or 
locomotive  driving  wheels  to  their  axles.  Keys  may  be  square, 
rectangular,  round  or  other  shape  and  fasten  in  any  way.  Are 
usually  rectangular  and  run  lengthwise  of  shaft. 

Key,  Barth  —  This  key  was  invented 
several  years  ago  by  Carl  G.  Barth. 
It  is  simply  a  rectangular  key  with 
one-half  of  both  sides  beveled  off  at 
45  degrees.  The  key  need  not  fit 
tightly,  as  the  pressure  tends  to  drive 
it  better  into  its  seat.  As  a  feather 
key  this  key  has  been  used  in  a  great  many  cases  to  replace  rect- 
angular f  eathei;'  keys  which  have  given  trouble.  It  has  also  been 
used  to  replace  keys  which  were  sheared  off  under  heavy  load. 

Key,  Center  —  A  flat  piece  of  steel,  with  tapered  sides,  for  removing 
taper  shank  drills  from  drill  spindle  or  similar  work. 


Key,  Lewis  —  A  key  invented  by  Wilfred 
Lewis  about  20  years  ago.  Its  posi- 
tion is  such  that  it  is  subjected  to  com- 
pression only. 


Key,  Round  End  —  Is  fitted  into  a  shaft  by 
end  milling  a  seat  into  which  the  key  is 
secured.  Where  a  key  of  some  leng^th  is 
fixed  in  the  shaft  and  a  member  arranged* 
to  slide  thereon  it  is  called  a  feather  or 
feather  key. 

Key  Seater  —  Machine  for  cutting  keyways  in  shafts  or  hubs  of 
pulleys  or  gears. 

Key,  Taper  —  The  taper  key  is  made  with 
and  without  head.  The  taper  is  com- 
monly J  or  ^  inch  per  foot. 

Key,    Woodruff  —  A    semi-circular    key 
used  in  varfous  kinds  of  shafts,  studs.^ 
etc.    It  is  filled  m  \\?)LCt  Ns^  \c«x^^ 
sinking  a  seal  w\l\v  a  ^V-axiV  x!cS\  ^vtf^ 
as  the  Whitney  cMlXex. 
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Kejrway  —  A  groove,  usually  square  or  rectangular,  in  which  the  key 
is  driven  or  in  which  a  "feather"  slides.  The  groove  in  both  the 
shaft  and  piece  which  is  to  be  fastened  to  it,  or  guided  on  it,  is 
called  a  keyway. 

Knurling  —  See  Nurling. 


Land  —  Space  between  flutes  or  grooves  in  drills,  taps,  reamers  or 
other  tools. 

Lap  —  Applied  to  seams  which  lap  each  other.  To  the  distance  a 
valve  must  move  before  opening  its  port  when  valve  is  central 
on  seat.  To  a  tool  usuaUy  consisting  of  lead,  iron  or  copper 
charged  with  abrasive  for  fine  grinding.     See  Lap,  Lead. 

Lap  Cutter  —  For  preparing  the  ends  of  band-saws  with  bands  for 
brazing.     Uses  milling  cutters. 

Lap  Grinder  —  This  prepares. the  laps  of  band-saws  by  grinding. 

Lap,  I^ead  —  Usually  a  bar  of  lead  or  covered  with  lead,  a  trifle  smaller 
than  the  hole  to  be  ground.  Emery  or  some  fine  abrasive  is  used 
which  gives  a  fine  surface.  Laps  are  sometimes  held  in  the  hand 
or  are  run  in  a  machine  and  the  work  held  stationary.  Also 
consists  at  times  of  a  lead-covered  disk,  revolving  horizontally, 
which  is  used  for  grinding  flat  surfaces.  Very  similar  in  action 
to  a  potter's  wheel. 

Lathe,  Double  Spindle  —  Hjis  two  working  spindles,  so  located  that 
one  gives  a  much  larger  swing  than  the  other,  and  both  can  be 
used  to  advantage.     Especially  good  for  repair  shops. 

Lathe,  Engine  —  The  ordinary  form  of  lathe  with  lead  screw,  powei 
feed,  etc. 

Lathe,  Engine  —  Parts  of 

1.  Rear  bearing.  20.  Cross-feed  screw. 

2.  Back-gear  case.  21.  Cross-power  feed. 

3.  Cone  pulley.  22.  Half -nut  handle. 

4.  Face-gear  guard.  23.  Regular  power  feed. 

5.  Front  bearing.  24.  Feed  reverse. 

6.  Face  plate.  25.  Gear  stud. 

7.  Live  center.  26.  Hand  feed. 

8.  Dead  center.  27.  Front  apron. 

9.  Tail  spindle.  28.  Rear  apron. 

10.  Tail-spindle  lock.  29.  Lead  screw.   ' 

11.  Tailstock  slide.  30.  Feed  rod. 

12.  Locking  bolts.  31.  Feed  gears. 

13.  Tailstock  base.  32.  Feed  box. 

14.  Tailstock  pinion.  ^^.  Change  gear  handle. 

15.  Tailstock  hand  wheel.  34.  Compound  gears. 

16.  Steady  rest.  35.  Change-gear  handle. 
^.  Tool  post.  :j6.  C\va.iv^<&-^«,?k.T  Kaudle. 
'.  Compound  rest.  37-  C\vaxv^«t-^'&ax  >aa.\v^^,  \ 

.'.  Cross-slide.  S*.  ^^^-  \ 
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LATHE  APRON 


LATHE,  SPINNING  619 

Lathe  Apron,  Reed  —  Parts  of 

I,  Cross-feed  screw.  16..  Clutch  ring, 

a.  Cross-slides.  17.  Clutch  levers. 

3.  Wing  of  saddle.  18.  Pinion. 

4.  Cross-feed  pinion.  19.  Gear  in  train. 

5.  Cross-feed  gear.  ao.  Feed-dutch  handle. 

6.  Cross-feed  handle.  aoA.  Clutch  spreader. 

7.  Rack.  31.  Hand  pinion. 

8.  Power  cross-feed  and  control.  32.  Carriage  handle. 

9.  Gear  in  train.  23.  Lead  screw. 

10.  Pinion  for  cross-feed.  34.  Rack  pinion  knob. 

11.  Main  driving  pinion.  34A.  Rack  pinion. 
I  a.  Bevel  gear.  35.  Feed  rod. 

13.  Bevel  pinion.  a6.  Ui^r-half  nut 

14.  Feed-worm.  37.  Lower-half  nut 

15.  Feed-worm  wheel.  a8.  Half-nut  cam. 

Note: — Cross-feed  is  from  bevel  pinion  13,  through  gears  12,  11,  9, 
10,  and  4.  Regular  feed  is  through  worm  14,  worm  wheel  15, 
clutch  16,  pinion  18,  gears  19  and  24A.  Hand  movement  is  through 
handle  22,  pinion  21,  19  and  24A. 

Lathe,  Extension  —  So  made  that  bed  can  be  lengthened  or  shortened. 

When  bed  is  made  longer,  there  is  a  gap  near  head,  increasing  the 

swing  for  face-plate  work. 
Lathe,  Fox  —  Brass  workers'  lathe  having  a  "fox"  or  chasing  bar  for 

cutting  threads.    The  bar  has  a  "leader"  which  acts  as  a  nut  on 

a  short  lead  screw  or  "hob"  of  the  desired  pitch  (or  half  the 

pitch  if  the  hob  is  geared  down  2  to  i)  and  carries  a  tool  along  at 

the  right  feed  for  the  thread.     Sometimes  has  a  turret  on  the 

back  head.  * 

Lathe,  Gap  —  Has  V-shaped  gap  in  front  of  head  stock  to  increase 

swing  for  face-plate  work. 
Lathe,  Gun  —  For  boring  and  turning  cannons  and  rapid-fire  guns. 
Lathe,  Ingot  —  For  boring,  turning  and  cutting  off  steel  ingots. 
Lathe,  Precision  —  Bench  lathe  made  especially  for  small  and  very 

accurate  die,  jig  or  model  work. 
Lathe,  Projectile. —  Simply  a  heavy  lathe  for  turning  up  projectiles* 

Sometimes  has  attachment  for  pointing  them. 
Lathe,  Pulley  —  Especially  designed  for  turning  pulleys,  can  turn 

them  crowning  or  straight. 
Lathe,  Roll  Turning  —  For  turning  rolling  mill,  steel  mill  and  calendar 

rolls. 
Lathe,  Screw  Cutting  —  Having  lead  screw  and  change  gears  for 

cutting  threads. 
Lathe,  Shafting  —  For  turning  long  shafts  or  similar  work. 
Lathe,  Speed  —  A  simple  lathe  with  no  mechanically  actuated  car- 
riage or  attachments. 
Lathe,   ^innin^  —  For  forming  sheet  meVaX  yb\.o  N^.r«ssia»  \>s3^ss« 

shapes,  all  circular.     Done  by  iorcmg  ^igam^X  «w  lorsxi  c^.  '«3«sfc 
kind  (with  a  single  roxrnd  ended  too\>  ^YvWe  \X.  S&  T«src^N\xv%. 
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Lathe,  Stone  Tttming  —  Specially  designed  for  turning  stone  columns 
or  similar  shapes. 

Lathe,  Turret  —  Having  a  multiple  tool  holder  which  revolves. 
This  is  the  turret.  Usually  takes  place  of  tail  or  foot  stock  but 
not  always.  Usually  has  automatic  devices  for  turning  turret 
and  sometimes  for  feeding  tools  against  work. 

Lathe,  Vertical  —  Name  given  one  t)rpe  of  Bullard  boring  mill  on 
account  of  a  side  head  which  acts  very  much  like  a  lathe  carriage 
and  does  a  large  variety  of  work  that  would  ordinarily  be  done  on 
the  face-plate  of  a  lathe. 

Lathe,  Watchmaker's  —  A  very  small  precision  lathe. 

Lead  —  The  advance  made  by  one  turn  of  a  screw.  Often  confused 
with  pitch  of  thread  but  not  the  same  imless  in  the  case  of  a 
single  thread.  With  a  double  thread  the  lead  is  twice  as  much 
as  the  pitch. 

Level  —  Instrument  with  a  glass  tube  or  vial  containing  a  liquid 
which  does  not  quite  fill  it.  The  tube  is  usually  ground  on  an 
arc  so  that  bubble  can  easily  get  to  the  center.  Alcohol  is  gen- 
erally used  as  it  does  not  freeze  at  ordinary  temperatures. 

Level,  Engineers'  —  Level  mounted  on  tripod  and  having  telescope 
for  leveling  distant  objects. 

Level,  Pocket  —  Small  level  to  be  carried  in  pocket. 

Level,  Quartering  —  A  tool  for  testing  driving  wheels  to  see  if  crank- 
pins  are  set  90  degrees  apart.  The  level 
has  a  forked  end  and  with  the  angles  shown. 
Placing  this  on  the  crank-pin  and  lining  the 
edge  with  the  center  of  axle  should  bring 
the  bubble  of  level  in  the  center.  If  the 
same  result  is  obtained  on  the  other  wheel 
the  crank-pins  are  90  degrees  apart. 

lit  Clan 


S ^  _  J — ^  ^  y    Levers  —  Arms   pivoted   or    bearing   on 

" '"'^*  points  called  fulcrums.     Divided  into 

three  classes  as  shown.     First  has  ful- 

^ jv  crum  or  bearing  point  between  power 

r : — t and  weight,   second  has  weight   be- 

tween  power  and  fulcrum  and  third 
3rd  ciais  ^^  power  between  weight  and  ful- 

crum. 


Pow«r  FulonuB         Walght 

2nd  OUts 

Fulcrum  W«I(ht  t         Power 


1 


1      ;' 

ulomm  Poww    |       Weight  I 


Line  Shaft  —  See  Shaft,  Line. 

Liner  —  A  piece  for  separating  pieces  a  desired  distance;  also  called 
shim. 

Live  Center  —  See  Center,  Live. 
asm  Mold  —  Made  with  a  mixture  of  coarse  sand  and  loam  into  a 
sort  of  plaster  which  is  spread  over  biieV.  ot  o'Oaet  Vw.TaK^cytV  \a    I 
make  the  mold.     Used  on  large  castVrvg?.  Vo  ^ToeL>\cfc  ^  ^caofcJCae^   > 

£nish  than  is  to  be  had  with  green  satvd. 


MILLING  MACHINE 


RUchiniita'  Clamp  —  See  Clamp. 

Uagnet  Electro  ~  Usually  a  bar  of  iron  having  coils  of  insulaled 

wire  around  it  which  carry  current.     Permanent  magnets  are  of 

hardened  steel  with  no  wire  or  current  around  them. 
Mandrel  —  See  Arbor. 
Marking  Machine  —  For  stamping  trade-marks,  patent  dates,  etc., 

on  cutlery,  gun  barreb,  etc.    Stamps  are  usually  on  rolls  and 

rolled  into  work. 
Master  Die  —  A  die  made  standard  and  used  only  for  reference 

purposes  or  for  threading  taps. 
Haater  Plate  —  See  Plate,  Master. 
Master  Tap  —  A  tap  cut  to  standard  dimensions  and  used  only  for 

reference  purposes  or  for  tapping  master  dies. 
Match  Board  —  The  board  used  to  hold  patterns,  half  on  each  side, 

while  being  molded  on  some  types  of  molding  machines. 
Measuring  Machine  —  PracticaUy  a  large  bench  caliper  of  any  de- 
sired form  to  measure  work  such  as  taps,  reamers,  eases,  etc. 
Measuring  Rods  —  See  End  Measuring  Rods, 
anitag  Cutters  —  See  Cutters,  Milling. 
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MILLING  MACHINE  — Canimued 


Hilliiig  Machine — 

X.  Column, 
a.  Knee. 

3.  Saddle. 

4.  Swivel  carriage. 

5.  Work  table. 

6.  Over  arm. 

7.  Arm  brackets  (arbor  supports.) 

8.  Arm  braces  (harness). 

9.  Knee  clamp  (for  arm  braces). 

10.  Spiral  dividing  head. 

11.  Tailstock. 
I  a.  Starting  lever. 

13.  Oil  tubes. 

14.  Cutter  arbor. 

15.  Speed-changing  lever. 

16.  Feed-changing  lever. 

17.  Draw-in  rod  for  arbor. 

18.  Arm-damp  screws. 

19.  Table  stops. 

20.  Table-feed  trip  block. 

21.  Fixed  table-feed  trips. 

22.  Steady  rest. 

23.  Cross-feed  screw. 

Milling  Machine  —  Operating  tool  is  a  revolving  cutter.  Has  table 
for  carrying  work  and  moving  it  so  as  to  feed  agaitist  cutter. 

Milling  Machine,  Universal  —  Has  work  table  and  feeds  so  arranged 
that  all  classes  of  plane,  circular,  helical,  index,  or  other  milling 
may  be  done.     Equipped  with  index  centers,  chuck,  etc. 

Milling  Machine,  Vertical  —  Has  a  vertical  spindle  for  carrying  cutter. 


Universal — Parts  of 

24.  Elevating  shaft. 

25.  Elevating  screw  (telescopic). 

26.  Saddle-clamp  levers. 

27.  Knee-damp  levers. 

28.  Fixed  vertical  feed  trip. 

29.  Vertical  feed-trip  blocks. 

30.  Door. 

31.  Dog  driver. 

3  a.  Change-gear  bracket. 

33.  Change  gears. 

34.  Index  plates. 

35.  Vise. 

36.  Swivel  base. 

37.  Universal  chuck. 

38.  Driving  pulley. 

39.  Feed  box. 

40.  Cross  and  vertical  feed  handle. 

41.  Table-feed  handle. 

42.  Clutch-drive  collar. 

43.  Interlocking  lever  to   prevent 

the  engagement  of  more  than 
one  feed  at  a  time. 


MiUing  Machine 

1.  Spindle  drawbar  cap. 

2.  Back-gear  pull  pin. 

3.  Spindle-driving  pulley. 

4.  Spindle  head. 

5.  Back-gear  sliding  pinion  and 

stem  gear. 

6.  Spindle  upper  box. 

6.  Spindle  lower  box. 

7.  Spindle  head  bearing. 

8.  Head-feed  gear. 

9.  Idler  pulleys. 

10.  Standard. 

11.  Spindle. 

12.  Rotary  attachment. 

"  ■    Rotary  attachment    feed-trip 
dog  and  lever. 
*tary  attachment  feed  clutch. 
^sry  attachment  base. 
ofe  and  table  oil  pans. 
'tary  attachment  binder. 


—  Vertical  —  Parts  of 


18.  Feed-trip  dogs,  right  and  left. 

19.  Feed-trip  plate. 

20.  Cross-feed  screw. 

21.  Feed-dutch  lever. 

22.  Carriage. 

23.  Feed  clutch. 

24.  Table-feed  screw. 

25.  Rotary  attachment  feed  gears. 

26.  Rotary  attachment  hand  wheel. 

27.  Rotary  attachment  feed  rod. 

28.  Feed-driving  cone. 

29.  Feed  bracket. 

30.  Universal  joint. 

31.  Telescopic  feed  shaft. 

32.  Driving  cone. 

33.  Driving  pulley. 

34.  ^tvee-e\eNa.\\xv^  ^^Sx.. 

36.  ¥ace  oi  s\.a»Aax^. 

37.  Base. 
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—  Tht  zETjuc  loisss  X  lie  :3fe  Jtnd  ^^  ^^^  c  aoiwdy  vidi 
rbe  were  is&iot  Todxixsz  '^  juiir  ii  jcdc  tcbCt  to  pour. 

—  Tse:  urjBri  JBBZ  lo  imi  oxr  m  &sk  id  kfiq>  sand 
fr'jsL  ia.f7TTg  -wTfcrr  icxnc  ^ucndjed  and  ^mwa'iiiBA  vsod  lo  dbiiq> 

—  Sec  BA.  MiicT. 


X 

To«l  —  Tcc2  for  mming  m  groow  or  neck  m  m  piece  of 

— 122  «^x»  Tori:  »ppatd  to  tbe  bcsmess  csmI  of  tools  or  things. 

The  ibreawxd  end  oc  a  bibe  or  TrriTiTT^g-iaar^Tinr  ^fiindlr  or  & 

c»i  of  *^bog  ly-Ac  d3il]~  or  scnilu-  tocL 
^-  Sarrjt  3L§  Dra^ 
Muitiag  —  Tbe  roSfr^  of  depresxios  of  Taiioos  kinds  into  metal  by 

tbe  tue  of  rrkoh^ii^  bait5caed  suel  wheels  jMCjaed  ^g«i«*<i  the 

vork.    Tbe  design  oa  the  nmi  will  be  leprodnccd  on  tbe  vwi. 

GcneraJlr  used  trj  ghre  a  loo^iencd  surface  for  trnnii^  a  nut  or 

s«rmr  br  haiid. 
Sttt^  CoU  PaoKfaed  —  A  nut  puncbcd  from  flat  bar  stock.     Tbe  hole 

is  usuaCj  rtaJKcd  to  size  before  tapping. 
9ut,  Hot  PrcHcd  —  A  cut  formed  hot  in  a  fcHging  machine. 
Wmt^  C4ifrilatgd  or  Castle  —  A  nut  with  slot  across  the  face  to  admit 

a  crater  pin  for  kxrkL'ig  in  place. 
Vttt  Kachine  —  For  cutting,  drflling  and  tapping  nuts  from  a  bar 

or  Tfjd. 
MutJ^Mfftt  —  For  tapping  bole  in  nuts. 

Hut,  Wing  —  A  nut  operated  by  hand  and 
very  commonly  used  where  a  light  and 
quick  clamping  action  is  required. 


Htttt  —  See  Bolts. 


O 


Ogee  —  Name  given  to  a  finish  or  beading  consisting  of  a  reverse 
curve.     Applieri  to  work  of  any  class,  wood  or  ircMi. 

Ohm  —  The  unit  of  electrical  resistance.  One  volt  will  force  one 
ampere  through  a  resistance  of  one  ohm. 

(hrmX  —  Continuously  curved  but  not  round,  as  a  circle  which  has 
n  more  or  less  flattened. 


-  A  hinged  piece  which  engages  \eeVYv  m  ^  ^'\x,x7^  «t  t^xOmx  \ 
moving  it  or  for  arresting  its  moVioxv.    ^orcvt\.vKv^  >5s^  xa 
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designate  a  piece  such  as  a  reversing  dog  on  a  planer  or  milling 
machine. 

Peening  —  The  stretching  of  metal  by  hammering  or  rolling  the 
surface.  Used  to  stretch  babbitt  to  fit  tightly  in  a  bearing,  to 
straighten  bars  by  stretching  the  short  or  concave  side,  etc. 

Pickling  Castings  —  Dipping  into  acid  solution  to  soften  scale  and 
remove  sand.  Solution  of  three  or  four  parts  of  water  to  one  of 
sulphuric  acid  is  used  for  iron.  For  brass  use  five  parts  water  to 
one  of  nitric  acid. 

Pin,  Collar  —  A  collar  pin  is  driven  tight  into  a  machine  frame  or 
member  and  adapted  to  carry  a  roll,  gear,  or  other  part  at  the 

outer  end.  It  differs  from  the  collar  stud 
in  not  having  a  thread  at  the  inner  end. 
When  drilled  through  the  end  for  a  cotter 
pin  it  is  known  as  a  fulcrum  pin,  as  it  is 
then  especially  suited  for  carrying  rocker 
arms,  etc. 
Pin,  Dowel,  Screw  —  Dowel  pins  are  customarily  made  straight,  or 
plain  taper  and  fitted  into  reamed  holes.  When  applied  in  such 
a  position  in  a  mechanism  that  it  is  impossible  to  remove  them 
by  driving  out,  they  are  sometimes  threaded  and  screwed  into 
place. 

Pin,  Taper  —  Taper  pins  for  dowels  and  other  purposes  are  regularly 
manufactured  with  a  taper  of  }  inch  to  the  foot  and  from  f  to 
__^^^^  6  inches  long,  the  diameters  at  the  large 

)end  of  the  sizes  in  the  series  ranging  from 
about  ^7  to  f{  inch.    The  reamers  for 

these  pins  are  so  proportioned  that  each 
size  "overlaps"  the  next  smaller  size  by  about  i  inch. 

Pickling  Forgings  —  Putting  in  bath  of  i  part  sulphuric  acid  to 
25  parts  boiling  water  to  remove  scale.  Can  be  done  in  10 
minutes.     Rinse  in  boiling  water  and  they  will  dry  before  rusting. 

Pitch  —  The  distance  from  the  center  of  one  screw  thread,  or  gear 
tooth  or  serration  of  any  kind  to  the  center  of  the  next.  In 
screws  with  a  single  thread  the  pitch  is  the  same  as  the  lead  but 
not  otherwise. 

Pillow  Blocks  —  Low  shaft  bearings,  rest- 
ing on  foundations,  or  floors  or  other 
supports. 

Pitman  —  A  connecting  rod;  term  used  more  commonly  in  connection 
with  agricultural  implements. 

Planchet  —  Blank  piece  of  metal  punched  out  of  a  sheet  before 
being  finished  by  further  work.  Such  as  the  blanks  from  which 
coins  are  made. 

Planer  —  For  producing  plane  surfaces  otv  tcv^\.^"5,.    '^ci\V\"5>V^^  ^ 
table  or  platen  which  runs  back  aivd  iorVVv  \m\^^x  nNnr.  \.q^  ^\i^^^ 
is  stationary. 
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PLANER — ConfMiuai 


Planar  Centsn  —  A  pair  of  index  centen 
to  bold  work  for  planing.     Simitar  to 

plain  milling  machine  c<'~ 

Planar,  Daniela  —  Wood  planer  with  a  table  for  carr>ing  work  under 
a  two-amieii  knife  swung  tiorirontally  from  a  vertical  spindle. 
Very  similar  lo  a  vertical  spindle-milling  machine  of  the  planer 
type.  Excellent  for  taking  watp  or  wind  out  of  lumber. 
Planar,  Open  Side  —  A  planer  with  onl^  one  upr^ht  or  housing, 
supporting  an  overhanging  arm  which  takes  the  place  of  tbe 
usual  cross  rail.     Usefid  in  planing  work  ti        ' '     '  '      ' 

ordinary  planer. 

Planer,  Radlua  —  For  planing  parts  of  circles  such  as  links  for  loco- 
motive or  Etatranaiy  engine  valve  motion. 
Planer,  Rotarjr  —  Really  a  large  milling  machine  in  which  the  iWKk 

is  carried  past  a  rotary  cutler  by  the  platen. 
HanerToota  — See  Tools,  Planer. 
Planar,  Traveling  Haad  —  Planer  in  which  work  is  stadonary  and 

tool  moves  over  it. 
nanlehlng  —  The  finishing  of  sheet  metal  by  hammering  with  smooth 

faced  hammers  or  their  equivalents. 
Plate,  Master- — A  steel  plate  serving  as  a  model  by  which  holes  in 
jigs,  bxtures  and  other  tools  are  accu- 
rately located  for  boring.  In  the  illus- 
tration the  piece  to  be  bored  is  shown 
dowelled  to  the  master  plate  which  i: 
mounted  on  the  face  plate  of  the  lathe. 
In  the  master  plate  there  are  as  many 
holes  as  are  to  be  bored  in  the  work, 
and  the  center  distances  are  correct. 
The  plate  is  located  on  a  center  plt^ 
fitting  the  lithe  spindle,  and  after  a 
given  hole  is  bored  in  the  work,  the 
master  plate  and  work  are  shifted  and 
relocated  with  the  center  plug  ii 
next  hole  in  the  plate  and  the  t 
spending  hole  in  the  work  is  then  bored  out.    This  is  one  of  the 


to"' 


e  methods  employed  by  the  toolmaker  a 


.  pieasioD 


Platan  —  A  work  holding  table  on  miller,  planer  or  drill. 
Plumb  Bob,  Mercury  ~  Plumb  bob  filled  with  mercury  to  sec 

weight  in  a  small  space. 
Potter's  Wheel  —  Probably  the  oldest  machine  known.  Consists  ot 
vertical  shaft  with  a  disk  mounted  horizontally  at  the  top. 
ie  poller  puts  a  lump  ot  c\ay  vn  ftie  ceirtei,  leifAiis  "iut  ^Iwel 
b  his  foot  or  by  power,  and  sha.pea  Vtic  iesoVsin!(.  t\».^  »a  *b 
d.     See  Lap,  Lead  lor  modem  av'P^kaX.\a(i.'A'Cm*\OTO»£is 
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Preu,  BUnking  —  For  heavy  punching  or  swaging. 

Press,  Broaching  — A  press  for  forcing  broaches  through  holes  i 

melftl  work.     Usually  cleans  out  or  forms  holes  that  are  m 

round. 
Press,  Cabbaging — For  compressing  loose  sheet  metal  scrap  intpj 

convenient  form  for  handling  and  remelting.  "" 

Ptbm,  Coining  —  For  making  metal  planchels  from  which 

Press,  Double  Action  —  Has  a  telescoping  ram  or  one  ram  inside  the 

nther,  each  driven  by  an  independent  cam  so  that  one  motitm. 

follows  the  other  and  performs  two  operations  for  each  revolution, 

of  the  press. 
Press  Fit  —  See  Fit. 
Press,  Forcing  —  For  forcing  one  piece  into  another,  such 

brass  into  a  rod. 
Press,  Forging  —  For  foT^^g  metal  by  subjecting  it  to  heavy  pressuM^ 

position. 
Press,  Screw  —  Pressure  is  applied  by  screw.     Heavier  work  is  doi 

in  this  way  thaji  by  fuot  or  hand  press. 
Press,  Straight-sided  —  Made  with  perfettly  straight  sides  so  as 

give  great  strength  and  rigidity  for  heavy  work. 
Press,  Pendulum  —  Foot  press  having  a  pendulum  like  lever  tog. 

applying  power  to  the  ram.  "^^ 

Profiiing  Machine — Has  rotary  cutter  that  can  be  made  to  fbllo^ 

outline  or  pattern  in  shaping  sttmll  parts  of  machines.     Practically 

a  vertical  milling  machine. 
Protractor,   Bevel — Graduated   semicircular   protractor   having   tt 

pivoted  arm  for  measuring  off  angles. 
Pull-pin  —  A  means  of  locking  or  unlocking  two  parts  of  machinery. 

Sometimes  sbdes  gears  in  or  out  of  mesh  and  at  others  operates 

a  sliding  key  which  engages  any  desired  gear  of  a  number  on 

stud. 
Pulley,  Odlow  or  Guide  —  Loose  pulley  mounted  in  movable  frames 

to  guide  and  tighten  belts. 
Pulley,  Idler  ^  A  pull(7  running  loose  on  a  shaft  and  driving  no 

machinery,  merely  guiding  the  belt.     Practically  same  as  a  "loose 

Pulley,  Loose  —  Pulley  running  loosely  on  shaft  doin^  no  work. 
Carries  belt  when  not  driving  tight  (or  fast,  or  working)  pulley. 
Used  on  countershafts,  planers,  grinders,  etc.,  where  machine  is 
idle  part  of  time.  Belt  is  then  on  the  loose  pulley  but  when 
shifled  lo  light  pulley  the  machine  starts  up.  See  Belt  Shifter, 
Friction  Clutch. 

Punching  —  A  piece  cut  out  of  sheet  stock  by  punch  and  die;  the 
same  us  blank. 

Punch,  Belt  —  Hollow,  round  or  elliplital  putieti  (jk  cJMiQ;^^****  Vb 
^     belt  lacing. 
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Qtutdrant  —  A  piece  forming  a  quarter  circle.  A  segment  of  a  circle. 
The  swinging  plate  carrying  the  change  gears  in  the  feed  train 
at  the  end  of  the  lathe. 

Quick  Return  —  A  mechanism  employed  in  various  machine  tools  to 
give  a  table,  ram  or  other  member  a  rapid  movement  during  the 
return  or  non-cutting  stroke. 

Quill  —  A  hollow  shaft  which  revolves  on  a  solid  shaft,  canying 
pulleys  or  clutches.  When  clutches  are  closed  the  quill  and 
shaft  revolve  together. 

R 

Rack  —  A  strip  cut  with  teeth  so  that  a 
gear  can  mesh  with  it  to  convert  rotary 
into  reciprocating  motion  or  vice  versa. 

Rack  Cutter  —  Cuts  regularly  spaced  teeth  in  a  straight  line.  Cutting 
tool  is  either  a  milUug  cutter  or  a  single  point  tool. 

Ratchet  —  A  gear  with  triangular  shaped  teeth  adapted  to  be  en* 
gaged  by  a  pawl  which  either  imparts  intermittent  motion  to  the 
ratchet  or  else  locks  it  against  backward  movement  when  operated 
otherwise. 

Ratchet  Drill — Device  for  turning  a  drill 
when  the  handle  cannot  make  a  com- 
plete revolution.  A  pawl  on  the  handle 
drops  into  a  ratchet  wheel  on  the  barrel 
so  thaf  it  can  be  turned  one  or  more 
teeth. 

Recess  —  A  groove  below  the  normal  surface  of  work.     On  flat  work 
a  groove  to  allow  tool  to  run  into  as  a  planer,  or  a  slide  to  run 
over  as  a  cross-head  on  a  guide.     In  boring  a  groove  inside  a 
■  hole.     If  long  it  is  often  called  a  chamber. 

Relief  or  Relieving  —  The  removing  of,  or  the  amount  removed  to 
reduce  friction  back  of  cutting  edge  of  a  drill,  reamer,  tap,  etc. 
Also  applied  to  other  than  cutting  tools.    See  ''backing  oflf." 

REAMERS 

Reamer  —  A  tool  to  enlarge  a  hole  already  existing,  whether  a  cast 
or  cored  hole  or  one  made  by  a  drill  or  boring  bar.  Reamers 
are  of  many  kinds  and  shape  as  indicated  below.  Usually  a 
reamer  gives  the  finishing  touch  to  a  hole. 

Ball  Reamer  —  Usually  a  fluted  or  rose  reamer  for  making  the 
female  portion  of  a  ball  joint.  It  is  considered  advisable  to  space 
the  teeth  irregularly  as  this  tends  to  prevent  chattering. 

Bridge  Reamer  —  A  reamer  used  by  boiler-makers,  bridge  builders, 
sbip-builders,  Gic,  has  a  straight  body  from  A  to  B  and  tapered 

end  irorcv  B  lo  C .    'T\i\'5»  T^a.TQ&T  \sa&  ^ 
^^         taper  shaivV  aM  eaxv  \«.  '^'^^  \xv  ^5\  ^ 
drill. 


REAMERS  —  Contmiued 
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ci=S> 


c 


Flat 


Fluted 


Center  Reamer  —  Center  reamers,  or  countersinks 
for  centering  the  ends  of  shafts,  etc.,  are  usually 
made  60  degrees  included  angle. 


dt 


Fluted 


j  n    Chucking  Reamer  —  Chucking   reamers 

*     '    I  1^  are   used   in   turret  machines.    The 

plain,  fluted  type  has  teeth  relieved 
the    whole    length;    while   the   rose 
reamer  cuts  only  on  the  end  as  there 
^ose  jg  QQ   peripheral   clearance.    Where 

possible  reamers  used  in  the  tiuret  should  be  mounted  in  floating 
holders  which  allow  the  reamer  to  play  sidewise  sufl5ciently  to  line  up 
with  the  hole  in  the  work  which  may  be  so  drilled  or  bored  as  not  to 
nm  perfectly  true  prior  to  the  reaming  operation.   • 

Chucking  Reamer  (Three-groove)  —  Spiral  fluted  chucking  reamers 
with  three  and  four  grooves  are  employed  for  enlarging  cored 

holes,  etc.  They  are  also  made  with 
oil  passages  through  them  and  in  this 
form  are  adapted  to  operating  in 
steel. 

Flat  Reamer  —  A  reamer  made  of  a  flat  piece  of  steel.  Not  much 
used  except  on  brass  work  and  then  usually  packed  with  wooden 
strips  to  fit  the  hole  tightly.  Flat  reamers  are  not  much  used 
except  for  taper  work. 

Half-round  Reamer  —  Used  considerably  in  some  classes  of  work, 
particularly  in  small  sizes  and  taper  work  when  taper  is  slight. 
Not  much  used  in  large  sizes.  Somewhat  resembles  the  "hog- 
nose  drill"  in  general  appearance  except  that  this  is  always  quite 
short  on  cutting  edge. 

Hand  Reamer  —  Reamers  enlarge  and 
finish  a  hole  produced  by  drilling, 
boring,  etc.  The  cut  should  be  light 
for  ^ind  reamers  and  the  reamer 
held  straight  to  avoid  ruining  the 
hole.  The  threaded  end  reamer  has 
a  fine  thread  to  assist  in  drawing  the 
reamer  into  the  work.  The  spiral 
reamer  is  cut  left-hand  to  prevent  its 
drawing  into  the  hole  too  rapidly. 
Reamers  are  slightly  tapered  at  the 
point  to  enable  them  to  enter. 

Pipe  Reamer  (Briggs)  —  Pipe  reamers  to 
the  Briggs  sta.wda.T^  \a.^x  <^  V>»*^ 
per  iool  a.x^  m?^  V^t  x^Wc^  ^ 
work  pnoT  Vo  Va.v^m%^^^  '^'^  ^""^ 
tap. 


6 


Straight 


Threaded  End 


i 


Spiral 
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REAMERS  —  Continued 


Shell  Reamer  —  Shell  reamers  have  taper 
holes  to  fit  the  end  of  an  arbor  on  which 
they  are  held  in  the  chucking  machine. 
They  are  made  with  both  straight  and 
spiral  flutes. 


Shell  Reamer  (Rose)  —  Rose  reamers  cut 
on  the  end  only  as  there  is  no  periph- 
eral clearance.  They  are  very  ac- 
curate tools  for  finishing  holes.  The 
shell  reamers  are  made  with  taper 
holes  to  fit  an  arbor  for  holding  them 
in  the  turret  machine. 


Roughing 


Finishing 


Taper  Reamer  —  For  finishing  taper  holes  two  or  more  reamers  are 
sometimes  used.    The  roughing  reamer  is  often  provided  with 

nicked  or  stepped  teeth  to  break  up  the 
chip.  Taper  reamers  are  also  made 
with  spiral  teeth.  Where  the  taper  is 
slight  the  spiral  should  be  left-hand  to 
prevent  the  reamer  from  drawing  in  too 
fast;  where  the  taper  is  abrupt  the  teeth, 
if  cut  with  right-hand  spiral,  will  help 
hold  the  reamer  to  the  cut  and  make  the 
operation  more  satisfactory. 
Taper  Pin  Reamer  —  Standard  taper  pin  reamers  are  made  }-inch 

taper   per    foot    and   each    size    in   the 

<->      ^= ^=^^^^       series  will  overlap  the  next  size  smaller 

by  about  one-half  inch. 
Taper  Reamer   (Locomotive)  —  Reamers 
H  tf_i^^^Bs^amBst^smm         for  locomotive  taper  pins  have  a  taper 

of  -^  inch  per  foot. 

Rests,  Slide  —  Detachable  rests  capable  of  being  clamped  to  brass  lathe 

bed  at  any  desired  point  and  usually  arranged  to  give  motion  to 

tool  in  two  ways;  across  the  bed  to  reduce  diameter  or  cut-oflF, 

and  with  the  bed  for  turning.     Invented  by  Henry  Maudsley. 

Rheostat  —  An  adjustable  resistance  box  so  that  part  of  the  current 

can  be  cut  out  of  the  motor. 
Riddle  —  Name  given  to  a  sieve  used  in  foundries  for  sif tings  and 

for  the  molds. 
Riffle  —  Name  given  a  small  file  used  by  die  sinkers  and  on  similar 
work. 
Rivet  —  A  pin  for  holding  two  or  mote  p\a\.e?>  ox  ^\fce^«.  together.    A 
head  is  formed  on  one  end  w\\en  made*,  \)[ve  o'OcvfcT  ^w^  Ss>  >a:s5.^N. 
tfter  the  rivet  is  put  in  place  and  dravjs.  vVie  T\\eVfcd  mew^oet^  O^fifc 
ogether. 
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Rivets 

A  —  Machine  Head 

B  —  Cone  Head 

C  — Wheel  Head 

D  —  Oval  Countersunk  Head 

E  —  Globe  Head 

F  —  Round  Head 

G  — Truss  Head 

H—  Flat  Head 

I  —  Countersunk  Head 

J  —Bevel  Head 

K — Wagon-Box  Head. 


1 


K 


Riyet  Machine  —  For  making  rivets  from  metal  rods. 
Roller  Bearing  —  See  Bearing. 

■     niMM'|M'|'IT)|'|'I'IM'IMi|MM 

|f .(  f    4    Rule,  Hook  —  Rule  with  a  hook  on  the 

^  "" — 1 1  I  I  I  I  I  il  I  1 1  I  I  I  I  ^  end  for  measuring  through  pulley  holes 
I  and  in  similar  places. 

Rule,  Key-seat  —  For  laying  out  key-seats  on  shaft  or  in  hubs. 

Rule,  Shrink  —  Graduated  to  allow  for  shrinkage  in  casting.  Used 
by  pattern-makers  and  varies  with  metal  to  be  cast. 

Run  —  Applied  to  drilling  or  reaming  when  the  tool  shows  a  ten- 
dency to  leave  the  straight  or  direct  path.  Caused  by  one  lip  or 
cutting  edge  being  less  sharp  than  the  other,  being  ground  so  one 
lip  leads  the  6ther,  or  from  uneven  hardness  of  material  being 
drilled. 

Running  or  Sliding  Fit  —  See  Fits. 

Rust  Joint  —  A  joint  made  by  application  of  cast-iron  turnings  mixed 
with  sal-ammoniac  and  sulphur  to  cause  the  turnings  to  rust  and 
become  a  solid  body. 

S 

Salamander  —  The  mass  of  iron  left  in  the  hearth  when  a  furnace  is 
blown  out  for  repairs. 

Sand  Blast  —  Sand  is  blown  by  compressed  air  through  a  hose  as 
desired.     Used  to  clean  castings,  stonework,  etc. 

Sanding  Machine  —  A  machine  in  which  woodwork  is  finished  by 
means  of  rolls  or  wheels  covered  with  sandpaper. 

Sanding  Belt  —  Endless  belt  of  some  strong  fabric,  charged  with  glue 
and  sand.     For  sandpapering  wood  held  in  hand  or  by  clamps. 

Saw^  Band  —  Continuous  metal  band,  looXVve^  otv  crc\R.  ^^^  ^!^^ 
guided  between    rolls.     Mostly  \ised    otv  -wocAvici^^  X^nj^  «»l^^- 
sionally  on  metdl  work,  especially  m  "Euio^e^xv  ^^v^- 
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sav  for  rfppic^ 

;  CoU  —  For  skvto^ 


DRH^glK  to  iDe 

y  f M  I  Jiify  used 


wlttdi  is  tobe 


l^>-wridcd. 


scssw  WArmiK  toqis 


cutters  m  this 
radial  to 
to  tarn 

is  snq^^orted 
therefore  be 
to 


tool  are  placed   with 
the  stock  and  mar  be 
tfie  recpnred  namctei 
in  the  rear.    The 
in  a  boshing  and 
¥eiy  true  and  accurate 


Tool,  Ftaiishiiic  —  The  mateiial 
turned  in  this  box  tool  is  supported 
by  adjustable  back  rest  jaws  and  the 
cutters  are  also  adjustable  in  and  out 
as  well  as  lengthwise  of  the  tool  body. 


Box  Tool*  Roughing  —  This  tool  has  one  or  more  cutters  inverted 
over  the  work  and  with  cutting  edges  tangent  to  the  material. 

The  back  rest  is  bored  out  the  size 
the  screw  or  other  piece  is  to  be  turned 
and  the  cutter  turns  the  end  of  the 
piece  to  size  before  it  enters  the  back 
rest.  Sometimes  a  pointing  tool  is  in- 
serted in  the  shank  for  finishing  the  end 
of  the  work. 


} 


Drifl  Holder  — The  end  of  the  drill  hol- 
der is  split  and  provided  with  a  clamp 
collar  by  which  the  hokler  is  closed 
on  the  drill. 

Feed  Tube  —  The  screw-machine  feed  tube  or  feed  finger  is  closed 
prior  to  hardening  and  maintains  at  all  times  a  grip  on  the  stock. 

The  rear  end  is  threaded  and  screwed 
into  the  tube  by  which  it  is  operated. 
It  is  drawn  back  over  the  stock  and 
when  Wve  c\vMck  o^xv^  Ss»  \sv«s«i  tor- 
ward  ieeAm^  xVvt  slocV  ^^  rs^gpN.  ^ar 
tance  lot  iVie  tvey\.  v^eca- 


L 
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SCREW  MACHINE  TOOLS  —  CorUinued 
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Circular        Dovetail 


Foflning  Tools  —  Circular  forming  cut- 
ters are  generatly  cut  below  center  to 
give  proper  clearance  and  the  tool 
post  is  bored  a  corresponding  amount 
above  center  to  bring  the  tool  on  the 
center  line.  Dovetail  cutters  are  made 
at  an  angle  of  about  10  degrees  for 
clearance. 


Hollow  Mill  —  Usually  made  with  3  prongs  or  cutting  edges  and 

with  a  slight  taper  inside  toward  the 
rear.  A  clamp  collar  is  used  on  mill 
like  a  spring  die  collar  and  a  reason- 
able amount  of  adjustment  may  be  ob- 
tained by  this  collar.  Hollow  mills 
are  frequently  used  in  place  of  box 
tools  for  turning  work  in  the  screw 
machine. 


Nttriing  Tool— The  two  nurls  in  this  box 
are  adjustable  to  suit  different  diam- 
eters of  work. 


]  Pointing  Tool  —  The  bushing  in  this  tool 
receives  and  supports  the  end  of  the 
round  stock  and  the  cutters  carried  in 
the  frame  form  and  point  the  end. 

Reyolving  Die  Holder  —  The  conunon  type  of  revolving  die  holder 
which  is  generally  used  with  spring  dies,  has  a  pair  of  driving 

pins  behind  the  head  and  in  the  flange 

of  the  sleeve  which  fits  into  the  turret 

hole.    At  the  rear  end  of  the  sleeve  is 

a  cam  surface  which  engages  a  pin  in 

the  shank  of  the  head  when  the  die 

is  reversed.    The  die  is  run  on  to  the 

work  with   the   driving   pins   engaged. 

When  the  work  is  reversed,  the  cam  at  the  rear  engages  the  pin 

in  the  shank  and  holds  the  die  from  turning  so  that  it  must  draw 

o£f  the  work. 


Spotting  Tool  —  This  tool  spots  a  center 
in  the  end  of  the  bar  of  stock  to  allow 
the  drill  to  start  properly,  and  also 
faces  the  end  of  the  piece  true.     Some- 
times called  "centering  and  facing"  tool.    It  is  desirable  to  have 
the  included  angle  of  die  cutting  pom\.  \e«»\5MMt^^<^\"CSsR.^s^ 
which  follows  it  in  order  that  tVie  \a\Xtx  xoa.-^  ?Jua.TN.Xxv>fc^si  ^>Q^^:^s^% 
at  the  comers  first. 
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SCREWS 


Spring  Collet  —  Spring  collets  or  chucks  are  made  to  receive  round, 

square,  hexagonal  or  other  stock 
worked  in  the  screw  machine.  The 
collet  is  hardened  and  is  closed  in 
operation  by  being  pressed  into  the 
conical  cap  into  which  it  fits.  When 
released  it  springs  open  sufficiently  to 
free  the  stock  and  allow  it  to  be  fed 
through  the  collet. 

Spring  Die  and  Extension  —  Spring  dies 
or  prong  dies  are  provided  with  a 
collar  at  the  end  for  adjusting  and 
are  easily  sharpened  by  grinding  in 
the  flutes. 

Screw  Plates  —  Holders  for  dies  for  cutting  threads  on  bolts  or 
screws.  Dies  are  usually  separate  but  sometimes  cut  in  the 
piece  which  forms  the  holder. 


SCREWS 


Square  Head 


Hexagon  Head 


Flat  Fillister  Head 


Oval  Fillister  Head 


Button  Head 


Countersunk  Head 


Cap  Screws  —  Cap  screws  are  machined  straight  from  point  to  head, 
have  finished  heads  and  up  to  4  inches  in  length  are  usually 
threaded  three-fourths  of  the  length.  When  longer  than  4  inches 
they  are  threaded  one  half  the  length,  which  is  measured  under 
the  head,  except  in  the  case  of  countersunk  head  screws  which 
are  measured  over  all.  Cap-screw  sizes  vary  by  i6ths  and  8ths 
and  are  regularly  made  up  to  i  or  i^  inch  diameter,  while  machine 
screws  with  which  they  are  frequently  confused  are  made  to  the 
machine-screw  gage  sizes. 
Flat  fillister  heads  on  cap  scTevjs  a-te  olXew  ca)\^  '^"to^w^"'' 

heads;  oval  fillister  heads  are  itequeivW^  dfe?,\^Tvax^eL  ;v&  ^^  ^^^xkO 


SCREWS  — •  CofUinued 
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heads,  and  coiintersunk  heads  as  "flat"  head[s.  When  a  coun- 
tersunk or  flat  head  has  an  oval  top  it  is  called  a  "French"  head. 
Fillister  heads  are  also  made  with  rounded  comers  as  well  as  with 
the  oval  head  shown  above.  Fillister  head  screws  are  known  in 
England  as  cheese-head  screws.  The  included  angle  of  the 
countersunk  or  flat  head  is  70  degrees. 

Collar  Screw  ^- Collar  or  collar  head 
screws  are  used  for  much  the  same 
purposes  as  regular  cap  screws,  and, 
m  fact,  are  sometimes  designated  as 
"collar"  cap  or  "collar  head"  cap 
screws. 

■  _  . 

Lag  Screw  — -  La^  screws,  or  coach  screws,  as  they  are  often  called, 
have  a  thread  Jike  a  wood  screw  and  a  square  or  a  hexagonal 

head.  They  are  used  for  attaching 
countershaft  hangers  to  over-head 
joists  for  fastening  machines  to  wood 
floors  and  for  many  other  purposes 
where  a  heavy  wood  screw  is  required. 

Machine  Screws — Machine  screws  are  made 
to  the  sizes  of  the  machine-screw  gage 
instead  of  running  like 'cap  screws  in 
even  fractions  of  an  inch. 
Fillister  Head 


D 


\\\\\\\\\\\VM1 


Counter  Sunk  or  Flat 
Head 


Button  or  Round 


Bet  Screws  —  Set  screws  are  threaded  the  full  length  of  body  and 
may  or  may  not  be  necked  under  the  head.  They  are  usually 
case-hardened.  Ordinarily  the  width  of  head  across  flats  and 
the  length  of  head  are  equal  to  the  diameter  of  the  screw.  The 
headless  set  screw  is  known  in  England  as  a  "grub"  screw. 


Flat  Point 


Cone  Point 


Round  Point 


^Baxi^fet  ^o\eX. 
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SCREWS —CoHHmed 


Low  Head 


Flat  Pivot  Point 


Hwidlcas 


Q 


Round  Pivot  Point 


Cone  Point  Headless 


Single  Shoulder 


lUJ 


! 


Double  Shoulder 


Shoulder  Screw  —  Shoulder  screws  are  com- 
monly used  for  carrying  levers  and  other 
machine  parts  that  have  to  op>erate  freely. 
The  screw  body  is  enough  longer  than 
the  thickness  of  the  piece  pivoted  thereon 
to  allow  the  latter  to  work  easily  when 
the  screw  is  set  up  tight  against  the 
bottom  of  the  shoulder.  With  double 
shoulders  two  members  may  be  mounted 
side  by  side  and  left  free  to  operate  in- 
dependently of  each  other. 


Thumb  Screw  —  A  screw  with  a  winged  or 
knurled  head  which  may  be  operated  by 
hand  when  a  quick  and  light  clamping 
effect  is  desired. 


Washer-head  Screw  —  The  washer  formed  on 
this  screw  enables  it  to  be  used  for  holding 
pieces  with  large  holes  without  applying 
a  loose  washer. 

Wood  ScrewB — Wood  screws  are  made  in  an  endless  variety  of  forms, 
a  number  of  which  are  shown  on  the  following  page.  They  range 
in  size  from  No.  o  to  No.  30  by  the  American  Screw  Company's 
gage  and  are  regularly  made  in  lengths  from  J  inch  to  6  inches. 
Generally  the  thread  is  cut  about  seven  tenths  of  the  total  length 
of  the  screw.  The  flat-head  wood  screw  has  an  included  angle 
of  head  of  82  degrees. 


WOOD  SCREWS 
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Flat  Head 


^ 


xmmmw 


Oval  Head 


(^ 


\mwiw\ 


Round  Head 


(]=' 


AAMMM*.^ 


Piano  Head 


Oval  Fillister  Head 


Felloe 


^ijssssawsjs*^ 


Hexagon  Head 


5 


(\.WI*11U' 


Square  Bung  Head 


AM\V\\\i\v\\ 


Round  Bung  Head 


Winged 


l\\\\\\\\\\\V\\\\\v^ 


Winged 


\\\V\V\\\\\v» 


Countersunk  Fillister  Head 


Clove  Head 


m\u\i\%\* 


Headless 


Grooved 
Pinched  Head 


Dowel 


D 


^^^CCC^^ 


Drive 
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SCREW  THREADS 


Screw  Thread,  Acme  29  degree  Standard -*{ 

no.  threads  per  inch 

d  «  depth  ■■  i  p  +  .010. 
f  =  flat  on  top  of  thread  =  p  x  .3707 
The  Acme  screw  thread  is  practically  the 
same  depth  as  the  square  thread  and  much 
stronger.  It  is  used  extensively  for  Icid 
screws,  feed  screws,  etc. 

Screw  Thread,  British  Association  Standard- 

p= pitch 
d=depth=px.6 
2xp 


r= radius ' 


II 


This  thread  has  been  adopted  in  Eng- 
land for  small  screws  used  by  optfcians 
and  in  telegraph  work,  upon  recom- 
mendations made  by  the  Committee  of  the  British  Association. 
The  diameter  and  pitches  in  this  system  are  in  millimeters. 

Screw  Thread,  Buttress  — 

^    ^  no.  threads  per  inch 

d=depth=}p 

The  buttress  thread  takes  a  bearing  on 
one  side  only  and  is  very  strong  in  that 
direction.  The  ratchet  thread  is  of 
practically  the  same  form  but  sharper. 

Screw  Thread,  International  (Metric)  Standard- 

p  =  pitch 

d = depth  =p  X  .6495 

f=flat=P 

The  International  thread  is  of  the  same 
form  as  the  Sellers  or   U.   S.    Standard. 
This  system  was  recommended  by  a  Con- 
gress held  at  Zurich   in   1898,  and  is  much  the  same  as  the 
metric  system  of  threads  generally  used  in  France.     The  sizes 
and  pitches  in  the  system  are  in  millimeters. 

,  Screw  Thread,  Square  — 


f-—P—-^\ 


I 


^    ^  no.  threads  per  inch 

d=depth=i  p 

/=- width  of  flat  =  ip 

s= width  of  space  =  J  p.  I 

space  axvd  \N\Te^d  ^ixt  ea.Ocv  oxv^V^ 


pitch,  in  practice  the  gr'S^ve  te  oxX.  s\^%\>.V\^  V^el«  »=^*-  «««*= 
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IT — ^P-— 4 


Screw  Thread,  United  States  Standard 

p  SB  pitch  =  • — 

no.  threads  per  inch 

d-=dcpth— p  X  .6495 
f.flat=-P. 


This  thread  was  devised  by  Wm.  Sellers, 
and  recommended  by  the  Franklin  Institute 
in  1869.  It  IS  called  the  U.  S.  Standard,  the  Franklin  Institute, 
and  the  Sellers  thread.  The  advantages  of  this  thread  are,  that 
it  is  not  easily  injured,  tap  and  dies  will  retain  their  size  longer, 
and  bolts  and  screws  with  this  thread  are  stronger  and  better 
appearing.  The  system  has  been  adopted  by  the  United  States 
Government,  Master  Mechanics  and  Master  Car  Builders*  Asso- 
ciations, Machine  Bolt  Makers,  and  by  many  manufacturing 
establishments. 


y-— p-_J 


Screw  Thread,  V,  60  degree  Sharp  — 
p  «=  pitch =■ 


no.  threads  per  inch 
d»=  depth =p  X  .8660 


While  the  sharp  V  form  gives  a  deeper 
thread  than  the  U.  S.  Standard,  the 
objections  urged  against  the  thread  are, 
that  the  sharp  top  is  injured  by  the 
slightest  accident,  and,  in  the  case  of  taps  and  dies,  the  fine  edge 
is  quickly  lost,  causing  constant  variation  in  fitting. 


• — p ^ 


Screw  Thread,  Whitworth  Standard  — 
p= pitch' 


no.  threads  per  inch 
d»»  depth =p  X  .64033 
r=»radius=p  x  .1373 

The  Whitworth  thread  is  the  standard  in 
use  in  England.     It  was  devised  by  Sir 

Joseph  WHiitworth  in   1841,  the  system  then  proposed  by  him 

being  slightly  modified  in  1857  and  1861. 

Worm  Thread,  Brown   &  Sharpe  29  de- 
gree— 


pitch 


no.  threads  per  inch 


d  =  depth  =  p  x  .6866 
/    =«  flat  on  top  of  thread  =-  p  x  .335 
This    thread   \?>   cowvtwsc^    >^«!^$s.  \b. 
America  lot  vjottq^.    "Vn.  \%.  ^^X!«w^^ 
ably    deeper    vVaxv  ^'fe    ^^^^  '^'^^ 
thread  of  the  same  angle,  naniely  29  de^ree^ 


-H/H- 
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SECTOR  —  SHAPER 


Sector  —  A  device  used  on  an  index  plate  of  a  dividing  head  for 
indicating  the  number  of  holes  to  be  included  at  each  advance 
of  the  inaex  crank  in  dividing  circles.  The  sector  can  be  opened 
or  closed  to  form  as  large  or  small  an  arc  as  necessary  to  cover 
the  desired  number  of  holes  for  each  movement  of  the  crank. 

Set  —  The  bend  to  one  side  of  the  teeth  of  a  saw. 
Set  Screw  —  See  Screws. 

Shaft-bearing  Stand  —  Shaft  bearing  which  is  fastened  to  floor. 

Shaft  Coupling  —  See  Coupling. 

Shaft,  Flexible  —  Shaft  made  of  a  helical  spring  or  of  jointed  paita» 
usually  confined  in  a  leather  or  fabric  casing,  to  transmit  power 
in  varying  directions. 

Shaft,  Jack  —  A  secondary  or  auxiliary  shaft,  driven  by  the  engine 
and  in  turn  driving  the  dynamos  or  other  machinery,  ^d^ 
shafts  are  often  introduced  between  a  regular  machine  counter- 
shaft and  the  line  shaft. 

Shaft,  Line  —  The  shafting  driving  the  machinery  of  a  shop  or 
section  of  a  shop  by  means  of  pulleys  and  belts. 

Shaft,  Muley  —  A  vertical  shaft  carrying  two  idler  pulleys  for  carrying 
a  belt  around  a  comer.    To  be  avoided  where  possible. 

Shaper  —  Work  is  held  on  table  or  knee  and  tool  moves  across  it, 
held  by  a  tool  post  on  the  moving  ram.  Table  adjustable  for  depth 
of  cut,  etc. 

Shaper — Parts  of 


I.  Tool  post. 

17.  Ram  gmde. 

2.  Clapper  block. 

18.  Frame  or  body. 

3.  Clapper  box. 

19.  Feed  box. 

4.  Clamping  bolts. 

so.  Feed  regulator. 

5.  Down-feed  screw. 

a  I.  Cone-driving  pulley. 

6.  Tool  slide. 

22.  Lever  bearing 

7.  Tool  head. 

a$.  Power  elevation  of  table. 

8.  Binder  for  head. 

24.  Vise. 

9.  Stop  for  down  feed. 

25.  Swiveling  base. 

10.  Down-feed  adjustment 

26.  Table. 

II.  Ram  adjuster. 

27.  Saddle. 

12.  Ram. 

28.  Cross-feed  screw. 

13.  Position  lever. 

29.  Cross-feed  dog. 

14.  Clamp  for  down  feed. 

30.  Cross-feed  handle. 

15  Ram  slide. 

31.  Elevating  screw. 

16.  Face  of  column. 

Shaper,  Crank  —  Ram  is  driven  by  a  crank  motion. 

^*€p«r,  Dnw  Cut  —  Cutting  stroke  lakes  ^\^ce  ^wVcft.  \oc\  \s»  tsjucw- 
^   toward  frame  of  machine.    TYiV^  Xetvds  Xo  ^xv«  V^qr  ^^^esa. 
getber. 


SHAPER— POTTER   AND  JOHNSTON 


Sbap«r,  Fiictton  —  Ram  b  driven  by  rack  and  pinion  through  frictka 
clulches.  Ram  is  reversed  by  simuttaneous  release  and  engage- 
ment o!  these  clutches.  These  are  driven  by  open  and  crossed 
belts  in  opposite  directions. 

Shaper,  G«ar  —  Planes  gear  teeth  by  using  a  hardened  cutter,  shaped 
like  a  pinion  gear,  and  moving  across  the  face  of  the  gear  with 
a  planing  or  shaping  cut. 

Sluiper,  Geared  —  Ram  is  driven  by  mck  and  pinion  with  a  slow 
culling  stroke  and  a  quick  return  by  shifting  open  and  crossed 
belts  the  same  as  on  a  planer. 

Shapers,  TriTerae  or  TraTding  Head  —  Ram  feeds  across  work,  which 
is  stationary. 

Shear  —  Tool  for  cutting  metals  between  two  blades.    The  name 
given  to  the  way  or  V  of  a  lathe  or  planet.     K\»jis»:\K?,™ii'^»-'5^-aa 
used  on  wharves  or  docks,  consisUn;^  ol  Wio  ■\ica."rj  «.Ti\»'S»s, ' 
long  inverted  V, 
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Shears  —  The  ways  on  which  the  lathe  carriage  and  tail  stock  move 

are  called  "shears"  by  some,  "ways"  by  others.     They  roay  be 

either  V,  flat  or  any  other  shape. 
Shears,  Alligator  —  Name  given  to  machine  where  moving  knife  or 

cutter  works  on  a  pivot. 
Shears,  Squaring  —  Has  cutter  bar  guided  at  both  ends. 
Shears,  Slitting  —  Arranged  for  slitting  sheet  metal.     Rotary  cutters 

are  usually  employed. 
Shearing  Machine  —  For  cutting  off  rods,  bars  or  plates. 
Shedder  —  A  plate  or  ring  operated  by  springs  or  by  a  rubber  pad 

to  eject  a  blank  from  a  compound  die.     It  acts  as  an  internal 

stripper,  and  is  sometimes  known  as  an  ejector. 
Sherardizing  —  The  name  given  to  a  new  process  of  dry  galvanizing 

of  any  iron  product. 
Shifter  Forks  —  Arms  to  guide  belt  from  tight  to  loose  pulley  or 

vice  versa,  by  pressing  the  sides. 
Shim  —  A  liner  or  piece  to  place  between  surfaces  to  secure  proper 

adjustment. 
Shrink  Fit —  See  Fits. 
Slip  Washer — See  Open  Washer. 
Slotted  Washer  —  See  Open  Washer. 
Slotter  —  A  machine  for  planing  vertical  surfaces  or  cutting  slots. 

Tool  travels  vertically. 

m 

Socket,  Grip  —  A  device  for  driving  drills  and  other  tools  with  either 

a  straight  or  taper  shank. 
Sow  —  In  foundry  work,  the  gate  or  central  channel  which  feeds  iron 

into  the  pigs  when  making  pig  iron. 
Sow  or  Sow-block  —  Local  name  for  a  chuck  for  holding  work,  such 

as  dies.     A  ball  chuck. 
Spinning  —  The  forming  of  sheet  metal  by  rolling  it  against  forms 

such  as  lamp  bodies.     Lathes  are  made  especially  for  this  work. 
Spline  —  Used  in  some  sections  in  place  of  "key"  and  in  others  the 

same  as  "feather."     See  Key  and  Feather. 
Split  Nut  —  Nut  split  lengthwise  so  as  to  open  for  quick  adjustment. 
Spot  or  Spotting  —  Spotting  is  making  a  spot  or  flat  surface  for  a 

set-screw  point  or  to  lay  out  from. 

Spring,  Compression — A  helical   spring 
which  tends  to  shorten  in  action. 

Spring,  Helical  —  A  spring  coiled  lengthwise  of  its  axis  like  a  screw 
thread.     Often  incorrectly  called  a  spiral  spring. 

Spring,  Leaf  —  A  built  up  spring  made  of  flat  stock  like  a  carriage 
spring  or  locomotive  driving  spring. 

Spring,  Spiral  —  A  spring  woimd  with  one 
coil  over  the  other  as  in  a  clock  spring. 
Usually  of  flat  stock,  but  not  always. 


SPRING  —  SQUARE 
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Spring,  Tension — A  helical  spring  which 
tends  to  lengthen  in  action. 


Spring,  Torsion — A  helical  spring  which 
operates  with  a  coiling  or  uncoiling 
action  as  a  door  spring. 


Spring,  Valve  —  A  helicat  spring  used  on 
valve  stems  and  similar  places;  each 
coil  being  smaller  than  the  one  below, 
in  order  that  the  spring  may  close^  up 
into  a  very  small  space  and  then  Have 
a  considerable  range  of  action. 


Spring  Cotter  —  See  Cotter. 

Sprue  Cutter  —  A  cutting  punch  for  trimming  sprues  from  soft  metal 

castings, 
^[uare,  Caliper  —  A  square  with  a  caliper  adjustment  for  laying  out 
work. 


2  Square,  Combination  —  A  tool  combining 
square,  level  and  protractor  in  one 
tool. 


Square,  Center  —  For  finding  the  center 

of  a  round  bar  by  placing  across  the 

end  and  scribing  lines  in  two  different 

positions.    Also  used  as  a  T-square. 

.  Not  so  much  used  as  formerly. 


..■i..^i...i..x..i..;..i...  ■..■.■.I-I..LI.I 


r-Square  —  A  straight  edge  with  a  head  at  one  end  commonly  used 
on  the  drawing  board  for  drawing  straight  lines.  It  forms  a 
guide  also,  along  which  triangles  are  slid.  Generally  made  of 
wood,  although  sometimes  of  metal  and  often  provided  with  a 
swiveling  head  which  serves  as  a  protractor  when  graduated  in 
degrees. 


J 


Square,  Try  —  Small    square    for    testing 
work  as  to  lis  beuv^  ^\.  \\^S°^  ^sv^^^ 
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STAND  — STUD 


Stand,  Vise  —  Stand,  usually  of  metal,  for  holding  a  vise  finnly  fa 
any  desired  part  of  the  shop,  making  it  a  portable  vise. 

Steady  Rest  —  A  rest  attached  to  the  lathe  ways  for  supporting  louj^ 
slender  work. 

Steel,  High  Speed  —  A  name  given  to  steels  which  do  not  lose  thdr 
hardness  by  being  heated  under  high  speed  cuts.  Alloy  steds 
which  depend  on  tungsten,  chromium,  manganese,  molybdenum, 
etc.,  for  their  hardness. 

Stocks,  Ratchet  —  Die  stocks  with  ratchet  handles. 

Straight  Edge — ^A  piece  of  metal  having  one  edge  ground  and 
scraped  flat  and  true.    Small  ones  are  sometimes  made  of  steel 

but  large,  straight  edges  are  usually  of 
cast  iron,  proportioned  to  resist  beading, 
and  are  used  for  testing  the  truth  of  flat 
surfaces  such  as  plane  ways. 

Strap  —  See  Belt  Polisher. 

Strapping  —  A  method  of  buffing  by  the  use  of  a  flexible  strap  or 
belt,  usually  made  of  cloth  and  covered  with  abrasive  held  in 
place  by  glue.  Runs  over  two  pulleys  or  one  pulley  and  a  rod 
or  plate  at  high  speed. 

String  Jig  —  Fixture  for  holding  a  row  of  pieces  to  be  milled  or  planed, 

Stripper — A  thin  plate  placed  over  the  die,  in  a  punch  press,  with 
a  gap  beneath  to  admit  the  sheet  stock  and  an  opening  to  allow 
the  punch  to  pass  freely;  upon  the  up-stroke  of  the  punch  it 
prevents  the  strip  of  metal  from  lifting  with  the  punch. 

Stripping-plate  —  A  plate  containing  holes  of  the  same  outline  as  the 
pattern  and  used  to  prevent  sand  following  the  patterns  when 
drawn  out  on  some  molding  machines. 

Stud,  Collar  —  The  collar  stud  forms  a  satisfactory  device  for  car- 
rying gears,  cam  rolls,  rocker  levers,  etc. 
It  is  often  provided  with  a  hole  at  the 
end  for  a  cutter  pin  or  is  slotted  for  a 
split  washer,  to  retain  the  gear,  or  other 
part  in  place. 

Stud,  Shoulder  —  A  stud  of  this  form  is  used  for  mounting  levers  and 
other  parts  which  could  be  operated  on  a  plain,  unthreaded  stud, 

which  stud,  however,  cannot  be  con- 
veniently set  or  removed  when  necessary. 
It  is  also  a  form  of  post  or  guide  some- 
times employed  in  machine  construction 
for  carrying  one  or  more  sliding  parts. 

Stud,  Threaded  —  Studs  are  threaded  on  both  ends  to  lengths  re- 
quired and  screwed  tight  into  place.     A  nut  is  run  on  the  outer 

end.  They  are  commonly  used  for 
holding  cylinder  heads  in  place  and 
lor  other  pMT^s^s  vihere  it  is  desirable 
that  t\\e  acxew  ^^  xemaMv  ^\a5C\<3^ax^ 
to  prevewt  \tv\wt^  ol  >i>Qx^^A&  \a.\f^\aL 
the  raam  p\ece. 


[ 
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Surface  Plates  —  Cast-iron  plates  have  sur- 
faces scraped  flat  for  use  in  testing  work. 
Should  be  made  in  sets  of  three  and 
so  scraped  that  each  one  has  a  perfect 
bearing  with  the  other  two. 

f  Swaging  —  Changing  the  sectional  shape  of  a  piece  of  metal  by 
^         hammering,  rolling  or  otherwise  forcing  the  particles  to  change 
shape  without  cutting. 


^ 


B 


Swaging  Blocks  —  Blocks  of  cast 
or  wrought  iron  to  assist  black- 
smith in  swaging  and  bending 
iron  to  various  shapes.  A  is  for 
use  in  the  hardy  hole  in  the 
anvil,  B  can  be  used  anywhere 
but  is  usually  on  or  beside  the 
anvil. 


Swaging  Hammer — A  connection  with  the 
swaging  block  to  swage  metal  to  the 
desired  size  and  shape. 


Swaging  Machine  —  For  reducing  tapering  or  pointing  wire  or  tubing 
either  between  rolling  dies  or  by  hammering  with  rapid  blows 
between  dies  of  suitable  shape. 

Sweating  —  Another  name  for  soldering. 

Swing  of  a  Lathe  —  In  the  United  States  the  swing  of  a  lathe  means 
the  largest  diameter  of  the  work  that  can  be  swimg  over  the 
ways  or  shears.  In  England  it  means  the  distance  from  lathe 
center  to  ^e  ways  or  one  half  the  U.  S.  measurements. 


Take-up  —  Name  given  to  device  for  taking  up  slack  in  belt  or  rope 

drives. 
Tap  —  Hardened  and  tempered  steel  tool  for  cutting  internal  threads. 
Has  a  thread  cut  on  it  and  flutes  to  give  cutting  edges. 

Tap,  Bit-brace  —  Tap  of  any  kind,  usually 
on  all  bolt  taps,  with  shank  made  square 
to  be  driven  by  bit-brace. 


»iumji.ijjji>Bw 


Tap,  Echols  Thread  —  This  form  of  tap  has  every  other  thread  cut 

away  on  each  land,  but  these  are  stag- 
gered so  that  a  space  on  one  land  has 
a  tooth    behind    it  on  the    next  land. 
This  is  done  for  chip  clearance. 
Tap,   Hand,  First  ot  T«^t — ^v^  \a?$ 
usually  ior  Wxvd  M^fc.    'Wnr  ^«^  «^ 
taper  tap  V\as  t\ve  VcoxiV.  eG.e^  Vas^^^^ 
to  enter  easiVf* 


a 


^ 


immiiMiimtm. 


a 


/^WWWWM^AAAAMM^I^ 


itu/jjfjuuniin 


a 
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Tap,  Hand,  Second  or  Plug  —  The  second 
tap  with  only  a  small  taper  to  the 
hrst  two  threads.  Usually  this  tap 
is  the  last  that  need  be  used. 

Tap,  Hand,  Third  or  Bottoming  —  Tap 

with  full  thread  clear  to  the  end.  For 
cutting  a  thread  clear  to  the  bottom 
of  a  hole. 

Tap,  Hob  for  Pipe  Dies  —  A  hob  tap  for 

cutting  threads  in  pipe  dies.  Taper 
f  inch  per  foot 

Tap,  Hob  for  Solid  Dies  —  Used  for  cutting  the  threads  in  a  solid 

die.  It  is  best  to  remove  about  three 
fourths  of  the  stock  with  a  leading  tap 
but  is  not  necessary. 

Tap,  Hob,  Sellers  —  Has  threads  in  center  and 
J      numerous  flutes.     For  bobbing  dies  and 
chasers. 

Tap,  Machine  or  Hut  —  Tap  with  long  shank  small  enough  to  allow 

tapped  nuts  to  pass  over  it.  After  tap 
is  full  the  tap  is  removed  from  machine 
and  nuts  slid  off  the  shank. 

Tap,  Machine  Screw  —  Taps  made  with 
sizes  and  threads  of  machine  scre^s's. 
Made  with  shank  the  size  of  screw 
and  pointed  ends  on  small  sizes. 


Ez: 


Q 


Tap,  Master  —  Tap  for  cutting  solid  and  open  dies. 

Tap,  Patch-bolt  —  Tap  for  boiler-makers  use  in  patching  boilers. 

Sizes   vary  by  sixteenths  from  i  inch 

to  I J  inches.      All  threads  are   12  to 
inch  and  taper  is  f  inch  per  foot. 


Tap,  Pipe  —  Taper  tap,  }  inch  taper  per 
foot  for  pipe  fitting. 


^^V>*^^|^^ 


.^^>^v^»N»«  w»^i^^^^ 


ec 
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Tap,  Pulley  —  Tap  with  a  long  shank  to 
reach  the  hub  of  pulley  for  tapping 
set-screw  holes. 

Tap  Remover  —  Device  for  removing  broken  taps.     Usually  have 
prongs  which  go  down  in  the  flutes  and  around  the  central  portion. 

Tap,  Staybolt  —  Tap  for  threading  boiler  sheets  for  staybolts.    A 
reams  the  hole,  B  is  a  taper  thread,  C  is  straight  thread  of  right 

size.   D  s^viatttioT  ^rvNvcv^Va.^.   All  stand- 
ard slay\x>\\,  \.a.^?>  \vaNt  \i>OM«aAa»  -^-t'xw^ 
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Tap,  Step  —  Tap  made  with  "steps"  or  varying  diameters.  Front 
end  cuts  part  of  thread,  next  step  takes  out  more  and  so  on  to 
the  end.     Only  used  for  heavy  threads,  usually  square  or  Acme. 

Tap,  Stove-bolt  —  Made  same  way  as  machine-screw  taps  but  in  only 
six  standard  sizes. 

Tap)  Tapper  —  Similar  to  a  machine  tap  except  that  it  has  no  square 
on  the  end. 

Taper  Reamer  —  See  Reamer,  Taper. 

Tapped  Face-plate  —  Having  a  number  of  tapped  holes  instead  of 
slots.     Studs  screw  in  at  any  desired  point. 

Tapping  Machine  —  For  cutting  threads  with  taps  (tapping)  in  nuts 
or  other  holes. 

Threads,  Screw  —  See  Screw  Threads. 


Threading  Tool,  Rivet-Dock  —  The  tool  is  a 
rotary  cutter  with  cutting  teeth  of  different 
depths.  The  first  tooth  starts  the  cut, 
then  instead  of  feeding  the  carriage  into 
the  work,  the  cutler  is  turned  and  the  next 
tooth  takes  the  next  cut. 


Toggle  —  Arrangement  of  levers  to  mul- 
tiply pressure  obtained  by  making 
movement  given  to  work  very  much 
less  than  movement  of  applied  power. 

Tongs  —  Tools  for  holding  hot  or  cold  metals. 

Tool,  Boring  —  For  ojHjrating  on  internal  surface  of  holes. 

Tool,  Cutting-off  —  For  cutting  work  apart  on  lathe  or  cutting-off 
machine. 

Tool,  Diamond  —  Black  diamond  set  in  metal  for  tracing  emery  or 
other  abrasive  wheels.  Also  used  to  some  extent  for  truing  up 
hardened  steel  or  iron. 

Tool  Holder,  Lathe  or  Planer  —  A  body  or  shank,  adopted  to  hold 

small  pieces  of  tool  steel  for  cutting  tools. 
These  can  be  removed  for  sharpening  or 
renewal  without  moving  the  holder  and 
saves  resetting  the  tool  to  the  work. 

Tools,  Inserted  Cutter  —  Holders  in  which  aie  "VveV^  ?.xa^  s\rs\  oa50cax% 
tools.     These  are  usually  removed  ior  ^TVCvdVcv^  ox  \^^\'wi\s\%^'^«^ 
broken  or  worn  out.     Usually  made  oi  ae\i-\ia.Tdeo^xv%  ^x.^^* 


6so  TOOLS,    LATHE 

Tool,  Hurting — For  roughing  or  checking  the   outside   of   tumrf 
work  BO  it  can  be  readily  grasped  by  hand.     The  loot  is  a  wlitd 
with  the  desired   markings   cut    in  tin 
edge  and  hardened.     It  is  forted  agaiia 
I       the  work  and  actually  forces   (he  mcUl 
up  into   the   depressions   in    the  iibed, 

1       Most    nurls  are    held   in    the  end  o(  I 

hand    tool    but  for   heavy   nurling  tbcj 
are  made  to  go  in  the  tool  post  as  ^offi. 
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Left-haud  Diamoud  Point 


Bent  Bight-hand  Diamond  Point 


Bound  Nose. 


Straight  Cuttiug-Off  Tool, 


Straight  Threading  Tool. 


f 


Bight-hand  Diamond  Point 


Half  Diamond  Point.  B.H. 


Water  Polishing  Tool. 


Bent  Cutting-Off  Tool. 


^ 


Bent  Threading  Tool. 


f 


Iniide  Boring  Tool. 


~X 


^ 


Inside  Threading  Tool. 


Bull  Note  Tool. 


Finishing  or  Necking  Tool. 


^ 


Scaling  Tool. 


For  Tmeing  Up  Centeri,  Ste, 


TOOLS,  PLANER 


^ 


Left-hand  Side  Tool 


Bight-hand  Side  Tool 


Left-hand  Diamoud  Point  Tool. 


Bight-hand  Diamoud  Point  Tool 


Bull  Nob;  tor  Hoary  Cuts. 


Qou«e.'fi^o%«  '^wV. 
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TOOLS,  FLASESL  — Continued 


Broad  Isfos*  or  Stockinf  Tool. 


Sighfc-haad  Sidiug  Tool. 


JTor  Flnishiug  lu  Coruers. 


Lefi-haud  Bevol  Tool. 


For  Stnootbing  Wronght  Irou  or  Steel. 


Scaliag  Tool. 


Left-haud  Siding  Tool. 


CaUiug-OS  Tool 


O 


Eight-hand  Berel  Tool. 


Smoofching  Tool  for  Oaat  Iron 


TOOLS,  PLANER  AND  SLOTTER 


Blotter 


OanMT 


Planer 


BwtriBiahiac 


Right 


s 


^ 


m 


^^y, 


t 


Rifbt 


n 


Bifbt 


o 


u>5 


o 


Ftelahiag 


H 
€ 

» 


Kind 
of  Tool 


Face 


Clearance 


Squara 


45  AncU  Blot 


B«Bt  FlnlshiBg 
Laft 


80   AncU 


Ci 


L«ft 


Bide  FlnlihlBg 

o> 


Uft 


Splinlac 


(K 


an 


«       o 


O     ■'^      •*     e 
0  I    ^1     o 


•a     >4 

o       o       c        o 


Kind 
of  Tool 


Face 


Clearance 


BpUnInc 


80  Angle  Slot 


45  Aa^ 


40  Aagla      1  lent  Side  Ffailahlw  Cattlag  Don 


TOTE  BOXES— VISE 


6S3 


jfiB  Boxes  —  See  Tote  Pans. 

»te  Pans  —  Pans  or  trays  of  steel  for  carrying  small  parts  from  one 
part  of  shop  to  another. 

oaJn  —  A  series  of^gesn^^s  the  feed  train  of  a  lathe  connecting 
I    spindle  with  lead  screw. 


Trammels  —  For  drawing  laige  circles. 
Fit  on  a  beam  and  their  capacity  de- 
pends on  the  length  of  the  beam. 


Kvpanning  Tool  —  Tool  for  cutting  an  annular  groove  outside  or 
around  a  bored  hole. 

Kipper  —  Device  that  trips  any  piece  of  mechanism  at  the  desired 
time.  An  example  is  found  in  conveyers  where  the  tripper 
dumps  the  material  at  the  desired  point. 

^munbler  Gear  —  An  intermediate  gear  which  meshes  in  between  other 
gears  to  reverse  the  direction  of  the  driven  gear  of  the  train. 


Stub  End 


Turn  Buckle  —  Turn  buckles  are  for  con- 
necting and  tightening  truss  rods,  tie  rods, 
etc.,  used  in  construction  work. 


Hook  and  Eye 
^lyere  —  The  pipe  or  opening  into  forge  through  which  air  is  forced. 


iTeeder  Metal  —  An  alloy  with  tin  as  a  base,  used  for  casting  in 
metal  molds. 


Vise,  Chipping  or  Filing  —  Heavy  bench  vise 
used  for  holding  work  to  chip.  Vises 
for  filing  only  are  similar  but  lighter. 


Vise,  Drill  —  Vise  for  use  on  drill  press  to  hold  work  being  drilled. 

Vise,  Hand — ^A  small  vise  to  be  held  in  the 
hand.     For  small  work  that  requires 
turning  iieqvieivtV^  Vo  ^'rit  ^N-  ^A««c^. 
sides. 


6S4  VISE  —  WRENCHES 

Vise,  Jig  —  A  drill  vise  with  arms  which  carry  bushings  so  that 
.    pieces  can  be  drilled  in  duplicate  without  special  jigs  for  them. 

Vise,  Pin  —  Small  hand  vise  for  holdini 

"         small  wire  rods. 


Vise  Stands  —  See  Stands,  Vise. 

V*s  —  Ways  shaped  like  a  V,  either  raised  above  the  bed  as  on  a 
lathe  or  cut  below  as  in  a  planer,  for  guiding  the  travel  of  a  car- 
riage or  table. 

Volt  —  The  unit  of  electrical  pressure* 


W 

Washer,  Open  —  Washers  with  one  side  open  so  as  to  be  removed 
or  slipped  under  the  nut  to  avoid  necessity  of  taking  the  nut 
entirely  off.    Also  called  a  "  C  "  washer. 

Watt  —  The  imit  of  electrical  power  and  equals  volts  multiplied  by 
amperes.     746  watts  are  equal  to  one  horse-power. 

Ways  —  The  guiding  or  bearing  surfaces  on  which  moving  parts 
slide,  as  in  a  lathe  plane  or  milling  machine.  The  ways  may  be 
of  any  form,  flat,  V  or  any  other  shape. 

Welding  —  The  joining  of  metals  by  heating  the  parts  to  be  joined 
to  the  fusing  point  and  making  a  union  by  hammering  or  forcing 
them  together.  Welding  in  an  open  fire  is  usually  confined  to 
iron  and  steel  but  nearly  all  metals  can  be  joined  in  this  way  by 
electric  heating. 

Wind  —  Pronounced  with  a  long  i  as  in  "mind"  and  refers  to  a 
twist  or  warping  away  from  straightness  and  parallelism. 

Wrench,  Bridge  Builders'  —  Large  heavy  wrench  with  a  hole  in  end 
for  a  tackle  to  apply  power. 


WRENCHES,  MACHniE 

15  degree  angle  wrenches  have  an  opening  milled  at  an  angle  of 
15  degrees  with  the  handle,  which  permits  the  turning  of  a  hexagon 
nut  completely  around  where  the  swing  of  the  handle  is  limited  to 
30  degrees. 

22 J  degree  angle  wrenches  have  an  opening  which  forms  an  angle    1 
of  22 J  degrees  with  the  handle,  which  permits  the  turning  of  any 
square  head  bolt  or  screw  completely  around  where  the  swing  of  the 
handle  is  limited  to  45  degrees. 

Unfinished  drop-forged  wrenches  are  plain  forgings,  with  openings 
milled  to  fit  the  nut  or  screw  on  which  they  are  to  be  used. 

Semi-finished  wrenches  are  milled  to  fit  the  nut  or  screw  on  which 
they  are  to  be  used  and  case-hardened  all  over. 

Finished  ^Tenches  are  milled  to  ^l  Ihe  iv\it  or  screw  on  which  they 
are  to  be  used  and  are  ground,  p6\\s\ved,  eas«.-\\a.x^^Tv^^  ^J^^ncv.^"^- 
quered,  with  heads  bright. 


WRENCHES  —  Continued 
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Single  End,  Hex. 


Double  End,  Hex. 


15**  Angle,  Single  End 


15®  Angle,  Double  End 


22j°  Angle,  Double  End 


S  —  22i<*  Angle 


Single  End,  Set  Screw  and 
Machine 


Double  End,  Set  Screw 
and  Machhie 


"Box'^'Tool  PbBt 


Double  End,  Tool  Fd6t 


© 


Hex.  Box,  15°  Angle 


Chuck 


Pin-face,  For  Round 
Nuts  Having  Holes  in 
their  Face  to  Receive 
the  two  Wrench  Pins 


D 


Hook  Spanner,  Milled 
out  to  suit  Round  Nuts 
Having  Notches  in  th^ 
Periphery  to  Receive 
the  Hook  at  the  End  of 
Spanner 


^ 


D 


Pin  Spanner  Used  on 
Round  Nuts  which 
have  Holes  in  the  Per- 
iphery to  receive  the 
Spanner  Pin 


SotVsX 
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WR£NCH£S  —  C<mtmued 


WRSHCHES,  MISCELLAHE0U8 


Monkey  or  Screw 


Pocket  Adjustable 


General  Utility 


StiDaoQ  Pf 


Vulcan  Chain  Pipe 


Pipe  Tong 


Construction 


Track 


Wrench,   Tap  —  Wrench  for  holding  am 
D        turning  taps.     Usually  made  adjustabi 
for  different  sizes. 


Wringing  Fits  —  See  Fits. 


INDEX 


PAGE 

Abrasives,  commercial 208 

Abrasive  wheeb,  grading 232 

Accurate  taper  gage 341 

Acme,  tap  thresuis,  89  deg. 25 

Acme  threads,  89  deg.,  measuring. . .     40 
Acme  29  deg.  screw  and  tap  threads, 

wires  for  measuring 40 

Acme  29  deg.  screw  thread  and  B.  & 

S.  worm  thread  compared 10 

Acme,  29  deg.  screw  threads 84 

Acme,    29    degree    standard    screw 

thread 10 

Addendum  of  gear  teeth 122 

A.  L.  A.  M.  horse-i)ower  rating 421 

Aligning  shafting  by  steel  wire 428 

Aligning  wire,  sags  of  steel  for  shaft- 
ing  428,  429 

Allowances  for  bolt  heads  and  up- 
sets   399 

Allowances  for  fits,  metric 325 

Allowances  for  ground  work  for  vari- 
ous classes  of  fits 324 

Allowances  for  drive  fits 320,  333 

Allowances  for  grinding 216 

Allowances  for  grinding,  table  of 2x7 

Allowances  for  hand  fits . '. 320,  323 

Allowances  for  press  fits .......  320,  323 

Allowances  for  punch  and  die  work  270 

Allowances  for  shrink  fits 322 

Allowances  for  threading  in  screw 

machine 249 

Allowances  in  shop  gages  for  various 

classics  of  fits 322 

Allowances,  lathe  work  for  grinding  2x8 
Allowances  over  standard  for  driving 

fits 323 

Allowances  over  standard  for  force 

fits 323 

Allowances  over  standard  for  push  or 

keying  fits 323 

AUo3rs,  bismuth 456 

Alloj^,  brass 457 

Alloys,  carbonizing  different 448 

Alloys  for  coinage 455 

Aluminum  bars,  weight  per  linear 

foot 4x7 

Aluminum,  properties  of 458 

Aluminum,  soldering 92 

Aluminum,  working 459 

Alundum 208 

An^le  of  dividing  head  for  milling 

side  teeth  in  cutters 203 

Angle  of  helix  for  screw-threads,  table  4,  5 

Angles,  calculation 520-525 

Angles,  corresponding  to  given  tapers 
per  foot 361 


PAGE 

Angles,  laying  out  by  table  of  chords 

387-389 
Angles,  obtained  by  opening  two-foot 

rule 403 

Angles  of  gear  teeth,  finding  face  and 

cutting X22 

Angles  of  screw  threads,  table 4 

Angles  of  V-tooIs,  measurements  for  X3 
Angles,  sides  and  sines,  tables  of  392-397 
Angles,  tables  for  indexing  in  imU- 

ing X9a-X9x 

Angles,  tool  for  lajring  out  accurately  368 
Angular  cutters,  cutters  for  fluting  194 
Angular  cutters,  number  of  teeth  in.  194 

Annealing  steel 446 

Antimony,  properties  of 458 

Arcs,  circular,  lengths 398 

Area  of  fillets,  table  of 404 

Areas  and  circimiferences  of  circles, 

X  to  1000 502-5x3 

Armor  plate,  harveyizing 448 

A.  S.  M.  E.  standard  machine  screws 

290,  293 
A.  S.  M.  E.  standard  machine  screw 

heads 296-299 

Automatic    screw    machine    tools, 
speeds  and  feeds.    {See  Screw  Ma- 
chine)  245-265 

Automobile  ^line  fittings,  broaching 
standards  for 277-278 

B 

Babbitt 457 

Ball  bearings,  combined  radial  and 

thrust 384-385 

Ball  bearings,  self -aligning  radial . . .   386 

Ball  bearings,  radial \  38X 

Ball  bearings,  thrust  collar 382,  383 

Ball  handles 375 

Ball  handles,  single-end 376 

Ball  lever  handles 376 

Bars,  brass,  copper  and  aluminum, 

weight  per  linear  foot .• .  4x7 

Bars,  steei.and  iron,  weight  per  linear 

foot '. 4x6 

Barth  key ^ 324 

Baths  for  hardening  steel 446 

Baths  for  heating  steel 444 

Bearing  metal 456 

Bearings,  combined  radial  and  thrust 

Bearings,  cooling  hot 405 

Bearings,  self -aligning  radial .......  386 

Bearings,  radial -^-v 

Beanngi^,  \,>M>3a\.  cxi^^x •^•x^-^'i* 

BeVimtXaV '^^'^ 
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INDEX 


PAGE 

Belt  contract,  factors  for 423 

Belt  fastenings 426 

Belt  hooks 426 

Belts,  horsepower  and  shafting .  .  420-443 

Belts,  lacing 426,  427 

Belts,  leather,  driving  power  of ..  422 

Belt  speeds 424 

Belt  studs 424 

Belt  widths 424 

Benches,  types  of  work 84-85 

Bevel  gears lao 

Bevel  gears,  cutters  for 121-122 

Bevel  gears,  laying  out 120 

Bevel  gears,  table  of 124-125 

Binder  handles 375 

Binding  screw 371 

Birmingham  or  Stubs'  iron  wire  gage 

sizes 415 

Bismuth  alloys 456 

Bismuth,  properties  of 458 

Blake  belt  studs 426 

Blanks,  shell  diameters,  tables  of  268-269 
Blanks,  shell,  finding  diameters  of 

266-267 
Block    and    roller    chain    sprocket 

wheeb 118-119 

Block  indexing  in  cutting  gear  teeth  115 
Board  feet  in  pieces  i  to  24  in.  wide 

up  to  24  ft.  long,  table 402 

Boiler  punch  and  die  work,  clearance 

for 271 

Boiler  rivet  heads 314 

Bolt  circles,  si>acing 523 

Bolt  cutters,  power  required  by 438 

Bolt  diameters  and  threads,  stove. . .  305 
Bolt  heads  and  nuts,  stock  required 

for  rafrs.  standard 400 

Bolt-heads  and  nuts,  stock  required 

for  U.  S.  standard 401 

Bolt  heads  and  upsets,  allowances  for  399 

Bolt  heads  for  standard  T-slots 308 

Bolt    heads,   Whitworth     standard, 

hexagonal 303 

Bolts  and  nuts,  planer  head 307 

Bolts  and  nuts,  U.  S.,  finished  heads 

and  nuts 281 

Bolts  and  nuts,  U.  S.,  rough 280 

Bolts  and  nuts,  U.  S.  standard 279 

Bolts,  button  head  machine  and  loom  304 

Bolts,  carriage 304 

Bolts,  countersunk  head,  round  and 

square 305 

Bolts,  coupling 307 

Bolts;  eye 309 

Bolts,  hook 378 

Bolts,  length  of 304 

Bolts,  machine,  with  mfrs.  standard 

heads 282 

Bolts,  names  and  descriptions.  .   567-570 

Bolts,  nuts  and  screws 279-315 

Bolts,  tap 305 

Bolts,  U.  S.  standard,  strength  of  279 
Bone,  powdered,  for  carbonizing. .. .  449 
Boring  machine,  horizontal,  diagram 

and  parts  of 57^ 

Boring  machines,  horizontal,  power 
required  by 43^ 


PAGE 

Boring  mill,  diagram  and  parts  of . . .  572 

Boring  mills,  vertical,  power  re- 
quired by 436 

Box  tool,  finish,  screw-machine 
speeds  and  feeds 262 

Box  tools  for  screw  machine,  finbh- 
ing... J4S 

Box  tools  for  screw  machines,  rough- 

„»n« 24s 

Brass 457 

Brass  alloys 457 

Brass  bars,  weight  per  linear  foot ...  .417 

Brass>  cast,  properties  of 458 

Brass  plates,  weights  of 412-413 

Brass  tubmg,  eeamlras,  weight  of . . .  419 

Brass  wire 457 

Brass  wire,  weights  of 414-41S 

Briggs  pipe  joints 46 

Briggs  pipe  taps 73 

Briggs  pipe  threads,  table  of 47 

Briggs  standard  pipe  ends,  drill  sizes 

for 45 

Briggs  standard  pipe  ends,  gages  for . .    46 

Briggs  standard  pipe  threads 43 

Brinell  hardness  test 452,  453 

British    association    screw    threads, 

table  of 19 

British  standard  i»pe  thrc»ids 44 

Britannia 457 

Broaches  and  broaching 273-278 

Broaches  for  automobile  spline  fit- 
tings  277-278 

Broaches  for  round  holes, 274 

Broaches  for  square  holes 273 

Broaches,  tooth  spacing .  ,     273,  275,  276 

Broaches  for  transmission  gears 276 

Broaching,  application  of 273 

Broaching  square  holes,  saving  time 

in 275 

Bronze 457 

Bronze,  properties  of 458 

Bronzes,  composition  of 456 

Brown  &  Sharpe  micrometer  readings 

for  Whitworth  threads 28 

Brown  &  Sharpe  tapers,  standard  346-347 
Brown  &  Sharpe  threaJd  micrometer 

readings,  for  U.  S.  threads 26     \ 

Brown  &  Sharpe  thread  micrometer 

readings  for  V-thread 27 

Brown    &    Sharpe    29-deg.     worm 

threads,  table  of 38 

Brown  &  Sharpe  worm  thread  and 

Acme  screw  thread  compared ....     10 

Buffing  wheels,  speeds  of 230 

Bulldozers,  power  required  by 438 

Bushings,  drill 369,  370 

Bushings,  for  jigs,  fixed 369,  370 

Bushings,  for  jigs,  loose 369,  370 

Button  head  cap  screws 287 

Button  head  machine  and  loom  bolts  304 


Calipering  and  fitting 316-340 

Calipers,    axial    inclination    of    in 

\  Ca\\pet ,  stte^  \}!Mt«aA  t!Akxqtel«X»c  ...    ■«> 


INDEX 


6S9 


PAGE 

Calipers,  side  play  in  boring  holes. . .  330 
Calipers,  side  play  of  in  measuring 

for  running  fits 328,  330 

Calipers,  various  types. .  .^ S74-S7S 

Cams,  cutting  screw  machine 155 

Cams,  method  of  laying  out 152 

Cams,  milling   by  gearing   dividing 

head 153 

Cams,  milling  heart-shaped 152 

Cap  screws,  button  head 287 

Cap  screws,  flat  and  oval  countersunk 

head 287 

Cap  screws,  fillister  head 285 

Cap  screws,  fillister  head,  flat,  round 

and  oval 286 

Cap    screws,    hexagon    and    square 

heads 284 

Carboni2dng  materials 449 

Carbonizing,  rate  of ...... .  448,  449,  450 

Carbon  penetration  in  different  allojrs  448 

Carbonmdum 208 

Carriage  bolts 304 

Caselmdening  steel 448 

Cast  gear  teeth 102 

Castings,  shrinkage  of 458 

Castings,  weight  of  in  proportion  to 

patterns 403 

Cast  iron,  properties  of 458 

Cast  iron  soldering 89 

Cast  iron  washers. 311 

Cast  steel,  properties  of 458 

Centigrade  and  fahrenheit  scales 455 

Chains  and  ropes,  safe  loads  for ... .  469 
Change  gears  for  cutting  diametral 

pitch  worms  in  the  lathe 9 

Change  gears  for  cutting  screws,  how 

to  find .^ 3 

Charcoab  for  carbonizing 449 

Check  nuts,  cold  punched,  hexagon  300 

Chip  breakers  for  milling 145 

Chordal  pitch 93 

Chords,  table  for  lajring  out  holes  in 

circles 390-391 

Chords,  table  of .^ 388-389 

Chords,  use  of  for  laying  out  angles  387 

Chromium,  properties  of 4S8 

Chucking  reamers,  rose,  cutter  for 

fluting 198 

Chucks,  feed,  screw-machine,  harden- 
ing... :  260 

Chucks,  ma^etic 228 

Chucks,  vanous  types 578 

Circle,  properties  of 527 

Circles,  areas  and  circimiferences,  i 

to  1000 502-513 

Circles,  circumferences  and  diameters 

I  to  200 514 

Circles,  spacing  holes  in,  tables  for 

390-391 
Circles,  tables  of  sides,  angles  and 

sines 39^-397 

Circular  arcs,  lengths  of 398 

Circular    forming    tool    diameters, 

tables  of  B.  &  S.  screw-machine 

256-259 
Circular  forming   tool    for   conical 
points 254. 


PAGE 

Circular  forming  tools,  screw   ma- 

.chine 251-253 

Circular  pitch ; . . .     93 

Circumferences  and  areas  of  circles, 

I  to  1000 502-513 

Circumferences    and    diameters    of 

circles,  i  to  200 514 

Circumferences  of  grinding  wheels, 

table 221 

Circumferential  distances,   divisions 

corresponding  to 201 

Circumferential    speeds,    tables    of 

431-437 
Clearance  for  punch  and  die  work  271 

Clearance  of  gear  teeth 93 

Clearance   of   thread   tool   at   side, 

finding 4 

Clearances  for  running  fits 323 

Clearances  for  grinding  reamers  237-239 
Clearance  with  cup  and  dish  grind- 
ing wheels 240 

Coach  and  lag  screws 312 

Coach  and  lag  screw  thread  lengths  312 

Cobalt,  properties  of 458 

Coinage  alloys 455 

Cold  punched  check  and  jam  nuts, 

hexagon 300 

Cold  punched  nuts,  mfrs.  standard. .  302 
Cold-saw  cutting-off  machine  speeds 

203-204 
Cold-saw  cutting-off  machine  teeth  203 

Cold  saws,  power  required  by 438 

Cold  soldering 90 

Collar-head  jig  screws 370 

Collar  head  screws 285  . 

Collets,  screw  machine  spring,  har- 
dening     260 

Collets,  spring,  hardening 260 

Com[>arison  of  wire  gages  used  in  the 

United  States 467 

Complementaiv  ang}es 522 

Composition  of  bearing  metals 456 

Composition  of  bronzes 456 

Composition  of  steel,  effect  on  har- 
dening    451 

Compound  gearing,  train  for  screw 

cutting 2 

Computmg  tapers,  table  for 362-363 

Concave  and  convex  cutters,  cutter 

for  fluting 194 

Concave  and  convex  cutters,  number 

of  teeth  in 194 

Constants   for   cutting   time,    table 

of 205 

Contact  of  belts,  factors  for 423 

Convereion     factors,     English    and 

metric 476 

Conversion  tabkj  English  and  metric  475 

Cooling  hot  bearings 405 

Cooling  steel ^ 445 

Copper  bars,  weight  per  linear  foot  417 

Copper  plates,  weights  of 412-413 

Copper,  properties  of 458 

Copper  tubing,  weight  of \v.^ 

Copper  mte,  'weXi^X.  oV \v\-\vs 

Comet  TO\uid^xv%  caV.V.«xs>  t>aX\K»  \ss^ 
i      ftuting ^'^'^ 
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Comer  rounding  cutters,  number  of 

teeth  in 194 

Comer,  square,  laying  out 405 

Corundiun 208 

Co-secant  of  angle 521 

Co-secants  and  secants,  table  of  .562-563 

Co-sine  of  angle 521 

Co-sines  and  sines,  table  of 540~55k 

Co-tangent  of  angle 521 

Co-tangents  and  tangents,  table  of 

529-540 

Cotters,  spring 309 

Counterbores  with  inserted  pilots . . .  380 
Counterboring     speeds     in     screw- 
machine  26s 

Countersunk  head  bolts,  round  and 

square 355 

Coupling  bolts 307 

Coupling,  national  standard  hose ...     50 

Co-vers«i  sine  of  angle 521 

Cranes  and  hoists,   mot^r  require- 
ments for 439 

Cubes,  squares  and  roots  of  fractions 

1/64  to  I  in 490-491 

Cubes,  squares  and  roots  of  numbers, 

I  to  1000 492-501 

Curves,  finding  radius  without  center  526 
Cutter  dimensions  for  B.  &  S.  screw 

machines 256 

Cutters  for  box  tool,  radial 245 

for  box  tools,  sizes  of  steel 

for,  tangent 245-246 

for  spur  gears loi 

keyway  dimensions  ........   199 

milling  cutters  for  fluting 

193-194 

number  of  teeth  in 192-194 

T-slot,  dimensions  of 200 

various  forms, 581-589 

*  Whitney,  for  Woodruff  keys     33 

Cutting   diametral  pitch   worms  in 

lathe 8 

double  threads 7 

fractional  threads . i 

lubricants  for    various  ma- 
terials     207 

multiple  threads 6 

multiple  .threads,  face-plate 

for 8 

quadruple  threads 7 

screw  threads 1-4 

speeds  and  feeds  for   gears  140 
speeds  and  feeds  for  screw- 
machine  work 261-265 

speeds  for  cold-saw  cutting- 

off  machine 203 

speeds    for    screw-machine 

brass  stock 261 

speeds  for  screw  stock 261 

speeds  of  planers 399 

speeds,  rotary  in  turning  and 

boring 206 

threads      with      compound 

gearing 2 

threads  with  simple  gearing  .       2 

time  for  boring  and  turning . .  20$ 

triple  threads 7 
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Cutting-ofif  cold-saw  machine  lubri- 
cant   J03 

Cutting-ofif  machine,  cutting-off 
speeds 203-204 

Cjranide  of  potassium  for  carboniz- 
ing.-..  m 

Cydoidal  gear  teeth 93 

D 

Decagon,  properties  of 525 

Decimal  equivalents  of  fractions  of 

an  inch 479 

Decimal  equivaloits  of    miUimeters 

and  fractions 476 

Decimal  equivalents  of  squares, 
cubes,  roots,  etc.  of  fractions . .  490-491 

Decimal  equivalent  tablis 476-484 

Decimals  of  a  foot,   equivalent  m 

inches 486-487 

Dedendum  of  gear  teeth 93 

Definitions  of  machine  shop  terms 

564-656 
Degrees  obtained  by  opening  two- 
foot  rule 403 

Depth  of  keyways,  finding  totaF.  338, 339 
Depth  to  drill  and  tap  for  studs ....  308 

Depth  of  thread,  double 65 

Diagonal  of  bars,  finding 533 

Diameters  and  circumferences  of  cir- 
cles, I  to  200 514 

Diameters  of  B.  &  S.  circular  form- 

^  ing  toob,  tables. . .  256-259 
drciuar    forming     tools 

250-252 
circular    forming    tools 

finding 255 

five  pitch  screw-threads, 

measuring 36 

shell  blanks 266-267 

shell  blanks,    tables  of 

268-269 

Diametral  pitch 93 

Diametral  pitch  worms,  cutting 8 

Diamond  lap  for  small  drills 235 

Diamond  laps 23s 

Diamond  lap  tools 236 

Diamond  powder  234 

Diamond  powder,  settlhig  in  oils 23s 

Diamond  powder,  tools  for  charging  .   236 
Diamond  powder,  used  in  boxwood 

laps 236 

Diamonds,  setting 219 

Diamonds,  using  on  wheels 218 

Dictionary  of  machine  shop  terms 

564-656 

Die  clearance,  punch  and 271 

Die  for  Briggs  standard  pipe 46 

Dies  and  taps,  screw  machme 247 

Dies,  drop-forging,  draft  in 461 

Dies,  punch  press,  various  types  of 

588-598 
Dies,  spring,  sizes  of  screw  machine . .  248 
Differential  indexing  on  miUing  ma- 

c\aTvea,  Xa\iVe&  lot 168-171 

[  DvAdmft  \v«aL^,  «acn&i,  Vat  ^f^^a^  ^sA 

\      d^etetiVvaY  VcwQ««a% -iSftr-w^ 
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Dividing  head,  milling  cams  by  set- 
ting   153 

Dodecagon,  properties  of 525 

Double  threads,  cutting 7 

Double  depth  of  threads 65 

Dovetail  forming  tools 251 

Dovetails  and  tapers 341-367 

Dovetail    slides    and    gibs,    dimen- 
sioning   364,  36s 

Dovetails,   measuring  external  and 

internal 366 

Dovetails,  measuring  with  plugs  in 

angles 366,  367 

Dowel  pins,  drills  for 64 

Dowel  pins,  reamers  for 64 

Drawing  room  and  shop  standards 

369-404 
Drill  and  wire  sizes  arranged  consec- 
utively   408-409 

Drill  bushings 369,  370 

Drill  bushings,  for  |igs,  fixed .  . .  369,  370 

Drill  bushings,  for  jigs,  loose 369 

Drill  end  lengths 67 

Drilling  for  studs,  depth  of 308 

Drilling  cast  iron,  torque  required  in    54 
Drilling    machine,    radial,    diagram 

and  parts  of 601 

Drilling    machines,    various    types, 

power  required  by 437,  438 

Drilling  machine,  vertical,  diagram 

and  parts  of — 602 

Drilling  speeds  and  feeds  in  screw 

machines 264 

Drill  jig  screws,  binding 371 

collar-head 370 

headless 371 

locking. 371 

nurled-head 372 

square-head 371 

supporting 371 

winged 370 

Drill  jigs,  straps  for 372 

Drills  for  Briggs  [>ipe  reamers 45 

dowel  pins 64 

drive  fits 64 

running  fits 64 

taps 62-66 

Drill  sizes  for  pipe 45 

Drills,  see  twist  driUs 51-66 

Drill  sizes  for  taper  pins 358 

Drills,  twist Sr-66 

Drills,  various  types  of 599-600 

Driving  of  machines,  group 441 

Driving  machines,   power   required 

for 442-443 

Drop  forging  and  steam  hammers 

460-463 
Drop-forging  dies,  draft  in 461 

E 

Electrical  power 420 

Emery 208 

End  mills,  taper  shank 145 

English  and  metric  conversion  table .  475 
English  weights  and  measures . . .  470-471 
Equivalents,  decimal,  squares,  cubes, 
roots,  etc.,  of  fractions 490-491 
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Equivalents  of  inches  in  decimals  of 

a  foot 486-487 

Equivalent  of  inches  in  millimeters 

477-477 

Equivalent  tables,  decimal 476-488 

Erecting  perpendiculars  by  triangles .  387 

Estimating  lumber  in  patterns 403 

Eye-bolts 309 

Eye-bolts,  safe  loads  for 469 

F 

Face-plate,  multiple  thread  cutting  .       8 

Fahrenheit  and  centigrade  scales 455 

Fastenings,  belt 426 

Feather  ke:^s,  square,  sizes 334 

Feeds  of  drillis 53-54 

Feet,  board,  in  pieces  up  to  24  ft. 

long,  z  to  24  in.  wide,  table 402 

FUes 78-83 

Files,  die  sinkers  or  rifi9es 83 

efficiency  of 82 

measurement  of 78 

sizes  and  shapes 80-81 

test  of 82 

Filing,  hei^t  of  work  for 78 

Fillets,  weight,  area  and  volume  of.  404 

Fillister  head  cap  screws 285 

Fillister  head  cap  screws,  flat,  round 

and  oval 286 

Fillister  head  machine  screws,  Amer. 

Screw  Co 289 

Fillister  head  machine  screws,  A.  S. 

M.  E.,  oval 296 

Fine  pitch  screw  thread  diameters, 

measuring 36 

Finishing  box  tool  for  screw  machine  245 
Finishing  box  tool  for  cutting  speeds 

and  feeds  262 

Fits,  allowances  for  aU  classes,  metric  325 
Fits,^  allowances  over  standard  for, 
driving,    force,    keying    or    push  32.) 

Fits,  clearances  for  running 323 

for  groundwork,  various  classes  323 

for  wheel  hubs,  press 324 

limits  for  drive 320,  327 

for  hand 320,  323 

for  press 320,  323 

for  running 321,  323 

in  shop  gages  for  . .    322,  323 

parallel,  close 319,  320 

drive 319,  320 

hand 319,320 

press 319,  320 

running 319,  321 

press  and  running ;ji9-33i 

running,  for  power  transmission 

machinery 327 

running,  side  play  in  calipering 

for 328,  330 

Fixed  bushings  for  drill  jigs ....  369,  370 
Flat  and  oval  countersiuk  head  cap 

screws 287 

Flat  bar  steel,  weight  of 418 

Flat  filUstet  bfia.d  tassjtVjMvt  'aas^«'^^ 

\.  s .  u .  ^ -K  o-  s:^  Hi  '*-'^^ 
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Fluting  cutters  for  hobs 196 

for    milUng    cutters 

193-194 

for  reamers X97 

for  taps Z9S 

Fluxes,  see  soldering .86-92 

Foot,  decimal  parts  of  in  inch  equiva- 
lents   486-487 

Forged  and  hot  pressed  nuts,  mlrs. 

standard 301 

Forging,  drop 461-463 

Forming   tool,   circular   for   conical 

points 254 

circular,    screw   ma- 
chine    251 

diameters  and  depths  250 
finding ....    255 
dovetail,    scrcw-ma- 

chinc 251 

Forming  tools,  diameters  of  circular 
for    H.    &    S.    screw    machines, 

tables 256-259 

Forming    tools,    circular,    diameters 

of 251,  252 

cutting  clearances  of .  251 

depths  of 253 

screw  nuchine .  . .  251-259 
speeds  and  feeds  ....   263 
Formulas   for   horse-power   require- 
ments for  machines 443 

Fractions,  decimal  equivalent  tables 

476-484 
Fractions,  prime-number,  Uible  of . . .  485 
French     (metric)     standard     screw 

threads,  table  of 20 

Furnaces  for  .steel  treatment,  gas .  .  .  445 
Furnaces  for  steel  treatment,  liquid  444 
Fusible  metals 456 

G 

Gage,  accurate  taper 341 

(iage  for  laying  out  angles  accurately  368 
Gage  for  machine  and  wood  screws  311 

Gage,  taper,  applications  of 342 

Gage  ta|)cr,  applications  of  formulas 

for  usmg 343-345 

Gage,  tai)er,  formulas  for  using 343 

Gages  for  Hriggs  standard  pii)c. ...  46 
for  pipe,  Hriggs  standard..  49 
plug,  stiindanl  dimensions. . .  379 
ring,  standard  dimensions.  .  .  379 
shop,   limits    in   for    various 

kinds  of  fits 322,  323 

sizes  of  wire 406-419 

Stubs'  wire 406 

twist  drill  and  steel    wire. .   406 

various  tyixis  of 606-607 

wire  and  (irill,  sizes  arranged 

consecutively 40S  -.^09 

wire,  (lillerent  standards  used 

in  U.  S 407 

(ias  engine  horsepower 420 

Gas,  Ciisclianlcning  with 448 

(icar  blanks,  kiying  out 103  ■ 

sizes  of 100  ' 

tables  of iO()   iio  . 

Sill  cutters,  power  rer/ujrcd  Ijy v.\i\ 


Gearing I»l^^ 

chordal ^ 

circular  pitch 

compound  for  screw  cat 
constants  for  chordal 
corresponding  diametral  ud 
circular  pitches  . . . 

diametral  pitch 

face  of  worm is 

finding  pitch  diamrter. 
for  cutting  diametral  pitdt 

worms 

metric  pitch iri 

module u;l 

simple  for  screw  cutting. ..    11 

single  curve  tooth M 

spiral,  real  pitches  of. .  .131-isl 

spiral,  rules  for ii;) 

spiral,  table  of lij 

spur  gear  cutters  for  spiral  ii^j 

standard  tooth u;l 

stub  tooth la;  I 

stub  tooth  dimensions,  Fd- 

lows id  I 

worm ij; 

worm,  proportions  of 134 

Gear  pressure  angles 106 

Gears  and  pulleys,  speeds  of 430, 431 

Gears,  bevel in 

cutters  for 121-12] 

table  of 124-ns 

block  indexing  for 115 

block  indexing,  table  for iti 

cutters  for  involute 113 

for  screw  cutting 3 

miter,  table  of 133 

pitch  diameters  of 111-114 

speeds  and  feeds  for  cutting..  140 

spiral,  figuring 128-130 

spiral,  45-deg.,  laying  out 127 

spiral,  table  of 134-135 

sprocket iiU 

spur,  cutters  for 136 

various  types  of 607-608 

with  cast  teeth ioj 

Gear  teeth 93 

Gear  teeth,  actual  sizes  of 105 

Gear  teeth  angles,  face  and  cutting. .  122 
Gear  tooth  parts,  proportions .  .  .  .98-101 

German  threads,  Loewenhcrz 32 

German  silver 457 

Gold,  properties  of 458 

Graduations  on  micrometer 318 

Graduations  on  ten-thousandth  mi- 
crometer  318 

Graduations  on  vernier 316 

Grinders,  various  types,  power  re- 

(juired  by 437 

Grinding  allowances 216 

for  lathe  work  .  218 
for     various 
classes  of  fits.  324 

table  of 217 

Grinding  and  lapping 208-244 

Grinding  tlats  in  thread  tools 13 

i  itrnvVluv;  WvvVi  vcv  VJ .  ^ ,  Iqxth  <A  V^'Rad 
UhA w^\ 
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Grinding  hardened  work 3x6 

machine,  diagram  and  parts 

of 610 

reamers  and  cutters  , . .  237-239 

use  of  water  in 218 

wheel  contact 214-21S 

circumferences,  table  221 

wheels  and  grinding 2c8 

care  of 228 

combination  grit   ..  212 
cup,  clearance  table 

for 240 

disk,  clearance  table 

for . .   240 

dressing  with  dia- 
monds     218 

elastic 210 

grades  for  different 
kinds  of  work ...  223 

grading 2x1,  222 

grain  and  grade .  . .   209 

Srit  and  bond 208 
ard 212 

mounting 226 

pressure  and  wear . .   215 

shapes  of 224-225 

sharpening 214 

silicate 211 

speed  of 213 

speeds,  table 220 

spindle  sizes  for  . . .   227 

thickness  of 209 

vitrified 210 

Group  driving  of  machines 44x 

Gun  metal 457 

H 

Hammers,    hand,   various   types   of  612 

power  required  by 438 

steam,  and  drop  forging 

460-463 

capacities 460 

Hand  fits,  limits  for 320,  323 

Handles,  ball 375 

ball  lever 370 

ball,  single-end 376 

binder 375 

for  hand-wheels 374 

machine 377 

Hand  taps 71 

Hand-wheel  handles. 374 

Hand  wheels,  dimensions 373 

Hardened  work,  grinding 216 

Hardness  test,  Brinell 452,  453 

Hardness  test,  scleroscope 454 

Hardening  screw  machine  spring  col- 
lets and  feed  chucks 260 

Hardening  steel 444-447 

Harveyizing  process  for  steel 448 

Headless  jig  screws 371 

Heads,  key,  proportions  of 337 

Heads  of  bolt,  stock  required  for 401 

Heart-shaped  cams,  milling 152 

Heat  treatment  of  steel 444-447 

Heating  steel  in  liquids 444 

Heating  steel,  methods  of 444 


PAGE 

Heptagon,  properties  of 525 

Hexagon  cap  screws 284 

Hexagon,  properties  of-. 528 

Hexagon,  stock,  brass  weight  of . . . .  417 

Hexagon,  steel  weight  of 416 

High-speed  steels 447 

Hight  of  work  for  filing 78 

Hobs  for  worm  threads 138 

Hobs,  worm  wheel 41 

Hob  taps 76 

cutter  for  fluting 196 

number  of  flutes  in 196 

sellers 76 

sellers,  cutter  for  fluting..  196 
Holes  in  circles,  tables  for  spacmg 

390-391 
Hollow  mill  dimensions,  screw  ma- 
chine. . , 247 

Hollow  mills  for  screw  machines .  246-247 

Hooks,  belt 426 

Hook  bolts 378 

Horse-power,  belts  and  shafting  .  420-443 

definition 420 

for  machines    442, 443 

of  steel  shafting 430 

rating,  A.  L.  A.  M. . . .     421 
requirements     of     ma- 
chine tools 436-440 

steam  engine 420 

Hose  coupling,  national  standard ...     50 

Hot  beanngs,  cooling 405  , 

Hot  pressed  and  cold  punched  nuts, 

U.  S.  standard 300 

Hot  pressed  and  forged  nuts,  mfrs. 

standard 301 

Hot   pressed   nuts,   hexagon,    mfrs. 

standard 301 

Hot  pressed  nuts,  narrow  gage 303 

Hubs,  press  fits  for  wheel 327 

Hydraulic   presses,   power  required 
by 438 


Imperial  wire  gage  sizes 407 

Inclination  of  calipers  in  measuring 

for  shrink  or  press  fits 329 

Indexing  milling  machines,  plain  and 

differential 168-X71 

Indexing  tables  for  plain  and  differen- 
tial milling 172-189 

Inserted  tooth   cutters,   number  of 

teeth  in 192 

Integral  right-angled  triangles 387 

International  standard  screw  threads    21 

Involute  gear  tooth 93 

Iridium,  properties  of 458 

Iron   bars,   weight   per   linear   foot  416 

Iron,  cast,  properties  of 458 

Iron  plates,  weights  of 411-413 

Iron  wire,  weight  of 414-415 

Iron,  wrought,  properties  of 458 
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Jig  parts,  standard 369-572 

screws,  binding 371 

hfadlws 371 

cdfaur-head 370 

locking 371 

nuricd-head 372 

square^iead 37X 

supporting 371 

winged  370 

igs,  laying  out  by  trigonometry 523 

i^sjraps...... 372 

omts,  Bngss  pipe 4^ 


i 


Key  heads,  proportions 337 

Keys,  amount  oi  taper  for  various 

lengths 340 

and  cutters,  Whitney 336 

and  key-seats,  dimensions 332 

Bartb 334 

feather 334 

machine,  various  types  of 615 

straight 333»  334 

tapers  lor 340 

WoodruflF 336 

Key  system,  Pratt  &  Whitney 33s 

Keyway  depth,  total,  finding 338,  339 

Knobs,  dimensions 374 

Knots,  various  types 464-468 


Lacing  belts 426,  427 

Lag  and  coach  screws 312 

Lag  screws,  length  of  thread  on 312 

Lag  screw  test 312 

Lapping 231-236 

Lapping  flat  surfaces 231 

Lapping  lubricants 332 

Lapping  plate  for  flat  work 231 

Lapping,  pointers  on 233 

Laps,  abrasives  for 234 

adjustable 233 

diamond 23s 

for  holes  232 

for  various  kinds  of  work 234 

internal 233 

lead,  advantages  of 233 

Lathe,  engine,  diagram  and  parts  of 

616-617-618 

Lathes,  axle,  power  required  by 436 

Lathes,  cylinder,  power  required  by  436 
Lathes  engine,  power  required  by. . .  436 
Lathes,  wheel,  power  required  by . . .  436 

Lathe  toob,  various  forms  of 650-651 

Lathe  tool  tests 206 

Laying  out  angles  acciirately,  tool 

for 368 

Laying  out  angles  by  table  of  chords  387 

Laying  out  a  square  comer 405 

Laying  out  holes  in  circles,  tables  for 

390-391 

Lead  bath  for  steel 44S 

id,  properties  of A5^ 

Ujer  belts,  driving  power  of 4*2 
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Leather,    charred,    tor    carbonizing  449 

Length  tA  bolts 304 

f<mgth5  d  areolar  arcs 398 

Lengths  d  threads  cut  on  bolts 304 

Lengths  d  threads  cot  on  lag  screws  312 

Lever  handles*  bafl 376 

Limits  for  drive  fits 320,  323 

fits  of  all  classes,  ooKetric. .  325 
ground   work  for  various 

classes  of  fits 334 

handfits 3J0,  323 

press,  fite- 320,  S3i 

runnmg  fits 321, 323 

shop    ga^es    for    various 

daases  of  fits 322,  323 

sihrinkfits 322 

Limits  in  plug  gage   for  standard 

holes. 322 

Linear  intch  of  racks 93 

Linear,  square  and  cubic  measure, 

English 470 

Linear  square  and  culnc    measure, 

metric 474 

Lining  bushings  for  jigs 369 

Locking  jig  screws 371 

Loom  boltS;  button  head 304 

Loose  bashings  for  drill  jigs 369 

Lubricants  for  cold-saw  cutting-t^ 

marhine 203 

cutting    various    ma- 

teriaJs 207 

lapping  232 

press  tods 272 

working  copper,  brass, 
steel,    etc.     in    the 

piinch  ixess 272 

Lubrication  in  muling  steel 147 

Lumber  in  patterns,  estimating 403 

M 


Machine  and  wood  screw  gage  sizes    311 

bolts,  butUm  head 304 

bolts,  with  nofrs.  standard 

heads 282 

handles 377 

screw  gage 311 

screw  heads,  {xoportions  of 

A.  S.  M.  £ 206-299 

Machine  screws,  A.  S.  M.  £.,  flat  fil- 
lister hesul 297 

A.   S.  M.  £.,   flat  f 

head 298     i 

A.  S.  M.  £.,  oval  fil- 
lister head 296     1 

A.  S.  M.  £.,  round 

head 299 

A.  S.  M.  £.,  special  294 
A.  S.  M.  £.,  stand- 
ard    292 

A.  S.  M.  E.,standud 

proportions  . .  200-399 
diagram,  A.  S.  M.  £.  291 
f£\asXfit  beajd^  Amer. 
"SKaww  ^ •fi«i 
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Machine  screw  taps 6g-7o 

Machine  screw  taps,  A.  S.  M.  E 293 

Machine  screw  taps,  A.  S.  M.  £. 

special .^ 295 

Machine  shop  terms,  dictionary  of 

564-656 

Machine  tools,  dictionary  of 565-656 

Machine  tools,  power  required  by 

436-440 

Magnetic  chucks 228 

Magnetic,  chucks,  use  of 229 

Manganese,  properties  of 458 

Manila  rope  data 425 

Manila  rope,  power  transmission  of  425 

Mannheim  gold 457 

Manufacturers'       standard       cold 

punched  nuts 302 

Manufacturers'  standard  heads  for 

machine  bolts 282 

Manufacturers'  standard  hot  pressed 

and  forged  nuts 301 

Manufacturers'  standard  hot  pressed 

nuts 301 

Manufacturers'     standard     narrow 

gage  nuts 303 

Measures  and  weights,  English .  .470-471 

Measuring  Acme  29-deg.  threads 40 

Brown    &    Sharpe   worm 

threads 39 

Brown    &    Sharpe   worm 

threads,  table  of  wires  for  39 
dovetaib,  external  and  in- 
ternal    366 

dovetaib  with    plugs    in 

angles 366,  367 

Measuring  external  screw-thread  dia- 
meters with  micrometers  and  wires    29 
Measuring  fine   pitch   screw-threEul 

diameters 36 

metric  threads 37 

6o-deg.  V-threads 32 

6o-deg.     V-threads     with 

wires,  table  for 33 

tapers 341 

three-fluted     toob     with 

micrometer 318 

U.  S.  standard  threads. . .     30 

V-toob II 

Whitworth  screw  threads      34 
Whitworth  screw  threads 
with  wires,  table  for  . . .     35 

Melting  points  of  metals 458 

Melting  points  of  solders 91 

Mercury,  properties  of 458 

Metal,  bearing 456 

Metal,  slitting  cutters,  pitch  of 192 

Metals,  chemical  symbob  for 458 

Metab,  fusible 456 

Metab,  proi>erties  of 458 

Metab,  specific  gravity  of 458 

Metab,  tensile  strength  of 458 

Metab,  weight  of 458 

Metric    allowances    for    fits    of    all 

classes 325 

Metric  and  English  conversion  table  475 

Metric  pipe  threads 4S 

Metric  pitch  gears  X17 


PAGE 

Metric  threads,  measuring 37 

Metric  weights  and  measures 474-475 

Micrometer  graduations 318 

Micrometer    measuring    of    three- 
fluted  toob 318 

Micrometer  readings  for  U.S.  threads  26 
Micrometer  readings  for  V-threads. .  27 
Micrometer  readings  for  Whitworth 

threads 28 

Micrometer,  reading  the 317 

Micrometer,  ten-thousandth 318 

Millimeters,  decimal  equivijents  of 

476-477 
Millimeters,  equivalent  of  inches  in  478 

Milling  and  miih'ng  cutters 141-202 

angles   for   indexing,    table 

190-191 
cams  by  gearing  up  dividing 

head 153 

cams,  heart-shaped 152 

cutters,  action  of 142 

fluting  for 139-140 

keyways  for 199 

number  of  teeth  in 

138-140 
power  required  for  .   144 

side 147 

spiral 143 

spiral  shell 146 

T-slot 200 

Milling  indexing  for  cams 152 

Milling,  lubrication  for 147 

Milling  machine  indexing,  plain  and 

differential 168-171 

Milling  machine  indexing,  tables  for 

plain  and  differential 172-189 

MiUing  machine  speeds  and  feeds. . .  141 
Milling  machines,  power  required  by  437 
Milling  machine,  universal,  diagram 

and  parts  of 621 

Milling  machine,  table  for  cutting 

spirab 148-151 

Milling  machine,  vertical,  diagram 

and  parts  of 623 

Milling  screw  machine  cams 155 

Milling  screw  machine  cams,  tables 

for 156-167 

Milling  side  teeth  in  milling  cutters  202 

Milling  squares  on  round  stock 200 

Milling  speeds  and  feeds 141 

Milb,  end,  number  of  teeth  in 138 

Milb,  hollow  for  screw  machine  .  246-247 

Miter  gear  table 123 

Module,  metric  pitch 117 

Morse  tapers,  short  shank 350-351 

Morse  tapers,  standard 348-349 

Motors  for  cranes  and  hobts 439 

Multiple  threads,  cutting 6 

Multiple  threads,  face  plate  for 8 

Muntz  metal " 457 

Music  wire  sizes 41 1 

N 
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Naval  bearing  metals 45^ 

Nickel,  properties  of 45S 

Nonagon,  properties  of 525 

NurlcMd-head  jig  screws 37a 

Nuts    and    bolt-heads,    hexagonal, 

Whitworth  standard 303 

Nuts  and  bolt-heads,  stock  required 

for  mfrs.  standard 400 

Nuts,  automobile,  A.  L.  A.  M.  stand- 
ard      306 

bolts  and  screws 279-31S 

castellated,  for  A.  L.  A.  M. 

standard  bolts 306 

check  and  jam,  cold  punched.  300 
cold  punched,  mfrs.  standard.  302 
hot  pressed  and  ca\d  ptmched, 

U.  S.  standard 300 

hot  pressed  and  forged,  mfrs. 

standard 301 

hot-pressed,    mfrs.    standard, 

hexagon 301 

hot  pressed,  narrow  gage 303 

planer 307 

thumb 378 

U.  S.  rough 280 

wing 377 

O 

Octagon  bar  steel,  weight  of 416 

Octagon,  properties  of 528 

Oilstones  and  their  uses 241-244 

Oilstones,  artificial 241 

Oilstones,  care  of 244 

Oilstones,  natural 241 

Oilstones,  shapes  and  sizes 241-242 

Oval,  countersunk  head,  cap  screw, 

flat  end 287 

Oval  fillister  head  cap  screws 286 

Oval  fillister  head  machine  screws, 

A.  S.  M.  £.  standard 296 


Packfong 457 

Parallel     press    and     running    fits 

319,  320,  321 

Patterns,  estimating  lumber  in 403 

Patterns,  weight  of  castings  propor- 
tionate to 403 

Penetration  of  carbon  in  caseharden- 

ing 448 

Penetration  tests 449 

Pennsylvania  R.  R.  bearing  metal. .   456 

Pentagon,  properties  of 525 

Perp)endiculars,  erection  of,  by  tri- 
angles. . : 387 

Picklmg  bath  for  cast  iron 78 

Pilots  for  counterbores,  dimensions  of  380 

Pins  and  reamers,  taper 357 

Pins,  cotter 309 

Pins,  taper 357 

Pins,  taper,  drill  sizes  for 358 

P/ns,  taper,  U.  S.  ordnance 3S9 

•'"V  and  pipe  threads 42-So 

Briggs  standard,  drill  sizes  lor      45 
dk,  Briggs  standard 4^ 


PA(3 

Pipe  driUs,  sizes  for 45 

gages,  Briggs  standard 46 

nobs,  cutters  for  fluting 196 

hobs,  number  of  flutes 196 

joints  in  Brig^  S3rstem 46 

reamer  for  Bnggs  standard 46 

tap  for  Briggs  standard 46 

taps,  Briggs.  .  : 73 

taps,  taper  and  straight,  cutter 

for  fluting ig6 

thread  gages,  Briggs  standard. .    49 

threading  speeds 68 

threads,  Bnggs  standard 43 

Briggs  standard,  table 

of 47 

British  standard 44 

metric 45 

Whitworth  standard,  drill  sizes 

for 45 

Pitch  line  of  gears 93 

Planer,  diagram  and  parts  of . . .  .626-627 

Planer  head  bolts  and  nuts 307 

Planer  nuts 307 

Planers,  cutting  speeds .  . .- 399 

Planer  tools,  various  forms  of .  .  .651-653 
Planers,    various   types,    powo-   re- 
quired by 436 

Planmg  null  equipment,  powo-  re- 
quired for 440 

Planks,  board  feet  in  pieces 403 

Plates,  steel,  iron,  brass  and  copper, 

weights  of 412-413 

Platinum,  properties  of 458 

Play  of  calipers,  endwise  in  measuring 

for  press  and  shrink  fits 329 

Play  of  calipers,  sidewise  in  measur- 
ing for  running  fits 339 

Plug  gage  limits  for  standard  holes  323 

Plug  gages,  standard  dimensions 379 

Polishing  wheels,  care  of 230 

Polishing  wheels,  speed  of 230 

Polishing  wheels,  varieties  of 220     t' 

Polygons,  table  of  regular 525 

Powder,  diamond 234 

Power   required   by   machine   tools 

436-440 
Power  required  for  milling  cutters  . .  144 
Power    required    for    inning    mill 

equipment 440 

Power  required  for  punching 441 

Power  required  to  remove  metal 441 

Pratt  &  Whitney  key  system 335 

Press  and  running  fits 319-331 

Press  fits  for  wheel  hubs 327 

Press  fits^  inclination  <^  calipers  in 

measunng  for 329 

Press  tools,  lubricants  for  pimch 272 

Pressure  angle  of  gear  teetn 106 

Prime-number  fractions,  table  of 485 

Properties  of  metals.^ 458 

Proportions  of  machine  screw  heads, 

A.  S.  M.  E.  standard.^ 296 

Protractor  in  screw  cutting 6 

PuWev ,  ^wduv%  size  of 527 

xate  viot>L •  •  •  •  *>^ 
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s  and  shears,  power  required 

439 

and  die  bofler  work,  clearance 

271 

and  die,  clearances  for  various 

Is 271 

ng,  power  reqtiired  for 441 

press  dies,  various  types  of 

588-598 
press  shells,  finding  diameters 

266-267 

press  shells,  tables  of  diame- 

268-269 

press  tools 266-272 

iters,  using  for  testing  steel . .  452 

Q 

iple  thread  cutting 7 

img  steel,  temperatures  for. . .  452 

R 

and   thrust  bearings,   com- 

l 384,38s 

bearings 381 

bearings,  self-aligning 386 

drill,  diagram  and  parts  of  601 

,  finding  without  center 526 

le,  lubricants  for 207 

g  the  micrometer 317 

g  the  ten-thousandth  micro- 

r 318 

g  the  vernier ^ 316 

gs  of  screw  thread  micrometer 

'.  S.  threads. 26 

gs  of  screw  thread  micrometer 

-threads 27 

gs  of  screw  thread  micrometer 
/hitworth  threads 28 

•  and  cutter  grinding 237-239 

•  clearance,  grinding 237-239 

for  Briggs  pipe 46 

•,  number  of  flutes i97 

',  shell,  cutters  for  fluting —   197 
',  taper,  number  of  flutes ....   198 

"s,  fluting  cutters  for 197-198 

•s  for  dowel  pins • . .     64 

•s,  taper 357 

"s,  various  types  of 630-632 

L^  speeds  ana  feeds  in  screw 

ine * 264-265 

teals  of  numbers,  i  to  zooo, 

515-520 

ipers 354 

iges,  standard  dimensions  . . .  379 

I  washers 3^1 

eads,  boiler 314 

eads,  tank 314 

round  head,  length  of 3x5 

Jtccl,  properties  of 458 

threads 23 

thread  screws,  dimensions  of 

S.  blanks.. 234 

lata  of  Manila 425 

danila,  power  transmission  of  425 
ad  chains,  safe  loads  for ... .   469 


PAGE 

Rose  chucking  reamer 198 

Rotary  cutting  speeds  in  turning  and 

bonng 206 

Round  bar  stock,  weight  of 4x6-4x7 

Round  fillister  head  cap  screws 286 

Round  head  machine  screws,  A.  S. 

M.  £ 299 

Round  head  rivets,  length  of 315 

Rule,  two-foot,  angle  obtained  by 

op^iing. 403 

Running  and  press  fits 319-33X 

Running  fits,  clearances  of .^ 323 

Runnng  fits  for  power  transmission 

machinery 327 

Runnnig  fits,  side  play  of  calipers  for 

328,  330 
S 

Sags  of  steel  aligning  wire  for  shafting 

428,  429 

Saws,  cold,  power  required  by 438 

Scales,  fahrenheit  and  centigrade. . .  .455 

Sderoscope  hardness  test 454 

Screw,  A.  S.  M  £.,  machine,  dia- 
gram   291 

Screw  cutting,  arrangement  of  gears      2 

examples  in x 

gears  for 3 

multiple 6 

rules  tor 3 

Screw  gage,  machine  and  wood 31  x 

Screw  heads,  propcHtions  of  A.  S.  M. 

£.  machine 296-299 

Screw  machine,  allowance  for  thread- 
ing    249 

Screw  machine  box  tools,  finishing  .   245 
box  tools,  roughing. .  245 
cams,  tables  for  mill- 
ing   X56-X67 

counterboring  speeds  265 

cutters 245-246 

cutting    speeds    for 

brass 26x 

dies  and  taps 247 

die  sizes,  spring 248 

dimensions  of  cutters 

for  B.  &  S 256 

drilling    speeds    and 

feeds 264 

feed  chucks,  harden- 
ing    260 

fini^  box-tool  ^)eeds 

and  feeds 262 

forming  tools,  B.  &  S. 
circular,  taUes  of .  256-259 

forming  tocAs 251-259 

hollow  mills 246-247 

hollow  mills,  dimen- 
sions of 247 

reaming  speeds  and 

feeds 264,  265 

speeds  and  feeds  for 

different  work. .  261-265 
speeds  and  feeds  loc 
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Screw  Machine  H>nnf  collets,  harden- 
ing    a6o 

tapping  speeds 265 

taps*  fluting  cutters 

for 195 

length     and 

lands 249 

number  of  teeth 
in  cutters. . .   195 
threading,  sizing  vrotk 

for 2 

threading  speeds 2  , 

toob,     speieds     and 

feeds 245-265 

tools,  various  forms 

of 634,  63s 

Screw,  test  of  lag 312 

Screw-thread  angles 4 

Screw-thread   diameters,   measuring 

external  with  micrometers  and  wires  29 
Screw-thread  lengths,  coach  and  lag..  312 
Screw-thread  micrometer  caliper ....     28 

Screw  threads r-38 

Screw  threads,  Acme,  29  deg 24 

Screw  threads,  British  Association, 

table  of 19 

Screw  threads,  cutting z 

Screw     threads, .  French     (metric) 

standard  table  of 20 

Screw  threads,  German  Loewenherz, 

table  of 22 

Screw  threads,  International  stand- 
ard        21 

Screw  threads,   sharp   V,   table  of    17 
Screw  threads,  U.  S.  standard,  table 

of 16 

Screw  threads,  various  forms  of.  .640-641 

Screw  threads,  watch 33 

Screw  threads,  Whitworth,  measur- 
ing      34 

Screw  threads,  Whitworth,  measur- 
ing with  wires,  table  for 35 

Screw  threads,  Whitworth  standard, 

table  of 18 

Screws,   automobile,   A.   L.    A.    M. 

standard 306 

bolts  and  nuts 279-315 

button-head  cap 287 

cap,  flat  and  oval  counter- 
sunk head 287 

cap,    hexagon    and    square 

heads 284 

coach  and  lag 312 

collar  head 285 

fillister  head  cap 285 

fillister  head  cap,  flat,  round 

and  oval 286 

jig,  binding 371 

collar-head 370 

headless 371 

locking 371 

nurled-head 372 

square-head 37r 

supporting 371 

winged 37o 


FAGI 

Screws,  Machine,  A.  S.  M.  E.  flat 

head 298 

A.    S.     M.    £.    o^ 

fillister  head 296 

A.  S.    M.    £.  round 

head 199 

A.  S.  M.  £.  special 294 

A.    S.    M.    £.  stand- 
ard   298 

A   S.    M.    £.  stand- 
ard proportions.  290-299 
fillister   head,   Amer. 

Screw  Co 289 

flat  and  round  head, 
Amer.  Screw  Co. ..  28S 
roUed  thread,  U.  S.  S.,  di- 
mensions oi  blanks 23 

set,  Hartford  Mach.  S.  Go's 

standard 283 

standard  threads  per  iiKh, 

Amer.  Screw  Co 290 

taps  for  A  S.  M.  £.  machine  393 
taps  for  A  S.  M.  £.  special 

machine 29s 

various  tjrpes  of 636-639 

wood 313 

Seamless  tubing,  weight  of 419 

Secants  and  co-secants,  table  of.  562-563 

Sellers  hob,  cutter  for  fluting 196 

Sellers  taoers 356 

Sellers  hob  taps .'.'/...    76 

Set  screws.  Hartford  Mach.  sl  Co% 

standard 26$ 

Shafting,  aligning  by  steel*  wire.'.'.'  428 
Shafting,  horsepower  and  belts.  .420-443 

Shafting,  horsepower  of  steel 430 

Shaper,  diagram  and  parts  of 643 

Shapers,  power  required  by 437 

Sheet^steel  and  iron,  wei^ts  of,  U. 

S.  standard  gage 411 

Shell  blank  diameters,  tables  of.  .268-269 
Shell   blanks,    finding    diameter  of 

266-267 
Shop  and  drawing  room  standards 

369-404 

Short  shank  tapers,  Morse 350-351 

Shot  metal 457 

Shrinkage  of  castings 458 

Shrink  fit  allowances 322 

Shrink  fits,  inclination  of  calipers  in 

measuring  for 329 

Side  milling  cutters 147 

Side  play  of  calipers^  in  boring  holes  330 
Side  play  of  calipers  in  measunng  for 

running  fits 328,  330 

Sides,  angles  and  sines,  tables  of.  392-397 

Silver,  properties  of 458 

Sines  and  co-sines,  table  of. .... .  540-551 

Sines,  sides  and  angles,  tables  <rf.  392-397 

Single-end  ball  handles 376 

Sizing    work    for    screw    machine 

threading 248 

Slides  and  gibs,  table  for  dimension- 
.ing......    :.. .• 364.36s 


SUxvg^  ioi  VvaxvdSixvt  work 464-460 

lach/ne,  A.  S.  M.  E.  flat         \  So\detm%- -'«»-ci\ 

£Uisterhead 297  \  So\denti%  a^Mtamswa. ^1 
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~     Soldering,  cast  iron 89 

Soldering,     cleaning     and     holding 

work 89 

—     Soldering,  cold 90 

Soldering  fluxes    for  various  metals 

86-87 

2      Soldering,  flux  recipes 88 

Solders  and  fusible  alloys 90 

Solders,  melting  points  of 91 

^       Spacing  bolt  circles 523 

1^     Spacing  holes  in  circles,  table  for .  390-391 

Specific  gravity  of  metals 458 

Speculum 457 

Speed  of  polishing  and  buffing  wheels  230 

Speed  of  twist  drills S3 

Speed  of  wood  turning 405 

Speeds  and  feeds  for  orass  in  screw 

machines 261 

Speeds  and  feeds  for  drills  in  screw 

machine .^ 264 

Speeds  and  feeds  for  forming  tool, 

screw  machine 263 

Speeds  and  feeds  for  gear  cutting. . .   141 
Speeds  and  feeds  for  milling  ma- 
chines    141 

Speeds  and  feeds  for  reaming  in  screw 

machine 264-265 

Speeds  and  feeds  for  screw-machine 

drilling 264 

Speeds  and  feeds  for  screw-machine 

finish  box  tools 262 

Speeds  and  feeds  for  screw-machine 

work 261-265 

Speeds  and  feeds  for  screw  stock, 

table  of 261 

Speeds,  circumferential,  tables  of .  431-437 
Speeds  of  cold-saw  cutting-ofif  ma- 
chines   203 

Speeds  for  counterboring  in  screw 

machine 265 

Speeds  for  tapping  and  threading ...     68 
Speeds  for  threading  in  screw  ma- 
chine   265 

Speeds  of  belts 424 

Speeds  of  grinding  wheels,  table 220 

Speeds  of  planers,  cutting 399 

Speeds  of  pulley  and  gears ....  430,  431 
Speeds  of  tappmg  in  screw  machines  265 
Speeds,  rotary  cutting  in  turning  and 

boring 206 

Spindles  for  grinding  wheeb,  sizes. . .  227 

Spiral  gears 134 

Spiral  gears,  spur  gear  cutters  for 136 

Spiral  gears,  table  of  real  pitches  132-133 

Spiral  shell  cutters 146 

Spirab,  table  for  cutting  on  milling 

machine 148-150 

Spline  fittings,  automobile,  broaches 

for 277-278 

Spring  cotters 309 

Spring  die  sizes,  screw  machine 248 

Spring  dies,  sizes  of 248 

Sprocket  wheeb 118-119 

Spur  gears,  ]a3ring  out  blanks 103 

Square  bar  stock,  weight  of 416-417 

Square  comer,  laying  out 405 

Square  countersunk  bead  bolts 305 
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Square-head  cap  screws 284 

-Square-head  jig  screws 371 

Square,  properties  of 528 

Squares,  cubes  and  roots  of  numbers, 

I  to  1000 492-501 

Squares,    largest    milled   on    round 

stock 200 

Squares  of  numbers,  tables  of  . .  .488-489 

Square  thread  taps 77 

Square  wsishers,  standard  sizes 310 

Standard  jig  parts 369-372 

Standard    Tool    Go's   short   taper, 

standard 353 

Standard  Tool  Go's  taper  shanks, 

standard 352 

Stationary^  bushings  for  jigs 369,  370 

Steam  engine  horse-power 420 

Steam  hammers  and  drop  forging 

460-463 

Steam  hammers,  capacities 460 

Steel  and  iron,  sheet,  U.  S.  standard 

gage  weights 411 

Steel  and  other  metab 444-459 

annealing 446 

bars,  weight  per  linear  foot. . .  416 
carbonizing,  rate  of  penetration 

448,  449,  450 

casehardening 448 

cast,  properties  of 458 

composition     and     hardening 

effects 451 

flat  sizes,  weight  of 4x8 

hardness  test,  Brinell 452,  453 

hardness  test,  scleroscope 454 

harve)rizing 448 

heat  treatment  of 444-447 

high-speed 447 

plates,  weights  of 412-413 

properties  when  annealed 451 

properties  when  hardened  ....  451 

rolled,  properties  of 458 

shafting,  horse-power  of 430 

tempenng 447 

wire  and  twbt-drill  gage  sizes 

406-408 

fage  sizes 406 
tub's  sizes  and  weights.  410 

weights  of 4x4-4x5 

Stock  allowed  for  upsets 399 

Stock  flat  sizes,  steel,  weight  of 418 

Stock  sheet  brass,  copper,  steel  and 

wire,  weight  of 411-415 

Stock  required  for  bolt-heads  and 

nuts,  mf rs.  standard 400 

Stock  required  tor  bolt-heads  and 

nuts,  U.  S.  standard 40X 

Stock  weights  and  wire  gages .  .406-419 
Stove  bolt  diameters  and  threads . . .  305 

Stove  bolt  taps 74 

Straight  keys,  dimensions 333 

Straps,  jig 372 

Stubs'  gages,  wire .^ 406 

Stubs'  steel  wire  sizes  and  weights . .  410 

Stub  tooth  gears vca 

Studs,  de^VVvs  \ia  ^T^  «sA  \3a^  Sax  v^ 

SuppoT\.\ti%  \\%  %ct«v% "^"^^ 

Symbo\s,  OaeovvcaX  oVxnsXa^ 
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Tangents  and  00-tangenU,  taUe  of 

Tank  rivet  heads 314 

Tap  bolts 30s 

drills  for  A.  L.  A.  M.  tlueads  .  62 
for  double  depdi  threads  .  65 
for  marhme  screw  taps. . .     63 

for  pipe  taps 45 

for  regular  threads 63 

for  V-thread  taps 66 

tlueads.  Acme  29  di^ 25 

for  Briggs  standard  pqie 46 

lengths  and  lands,  screw   ma- 
dune 249 

fcrew    marhme,    lengths    and 

lands  oi 249 

Taper  gage,  appttcations  oi 342 

accurate 341 

applications  of  f  wmulas 


lor  usmg 343-345 

formulas  for  using 343 

inn  drill  sizes 358 

pins  and  reamers 357 

pins,  U.  S.  ordnance 359 

reamers,  ntunber  oi  flutes 198 

shanks,  Standard   Tool   Go's 

standard^ 352 

taps,  die 75 

Ti^)efs  and  dovetails 341-367 

B.  &  S.  standard 346-347 

for  keys 340 

Jamo SSS 

per  foot   and    corre^x>nding 

angles  table  of 361 

Morse  standard 348-349 

Reed  354 

Sellers 350 

short  shank,  Morse •350-351 

short.   Standard    Tools    Go's 

standard 353 

table  for  computing 362  .  -364 

table  of  lengths  ui>  to  24-in.  .  360 

Tappers,  nut,  power  required  by 438 

Tapper  taps 72 

Tapping  for  studs,  depth  of 308 

Tapping  speeds 68 

Tapping   speeds   in   screw   machine  265 
Taps  and  dies  for  screw  machine  cut- 
ters for  fluting 195-196 

Taps,  Briggs  pipe 73 

for  A.  S.  M.  £.  special  screws    295 
for  machine  screws,  A.  S.  M.  £. 

standard 293 

hand 71 

hand,  cutters  for  fluting 195 

hand  cutters,  number  of  teeth 

in 195 

hob,  cutters  for  fluting 196 

hob,  number  of  flutes 196 

machine  screw 69-70 

screw  machine,  fluting  cutters 

for 19s 

screw     machine,    number    of 

teeth  in  cutters 19S 

Sellers  hob 76 

square  thread 77 
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Taps,  stove  bolt 74 

taper  die 75 

tapper 72 

tapper  cutters  feu-,  number  of 

teeth  in 195 

tapper,  fluting  cutters  for 195 

various  types  ol 648 

Tempering  sted 447 

Terms,  machine  shop,  dictionary  <^ 

T     **       I  565-656 

Test  !<»  lag  screws 312 

Thermometers,  Fahr.  and  Cent 455 

Thread  angle  table 4,5 

Thread    cutting,     arrangement     of 

gears  for a 

depth  table 65 

fractional i 

multiple 6 

multiple,    face     plate 

for • 8 

rules  for 3 

Thread  lengths  on  coach   and  lag 

screws 312 

Thread  micrometer  readings  for  U. 

S.  thread 26 

Thread    micrometer     readings    for 

V-thread 27 

Thread    micrometer    readings    for 

Whitworth  threads 28 

Thread  tool,  grinding  flat  on  U.  S. 

form 14, 15 

Thread  toob,  grinding  flat  on 13 

Thread  tools,  measuring 12     I 

Threading  in  screw  machine,  sizmg  ■; 

work  for 248 

Threading  machines,  pipe,  power  re- 
quired by 428 

Threading  speeds 68 

Threading  speeds  in  screw  machine  265 
Threads,  Acme  29-deg.  screw  and 

tap,  wires  for  measuring.     40 

angle  of  screw 4 

Briggs  pipe,  table  of 47 

British    Association    screw, 

table  of 19 

Brown    &    Sharpe    29-deg. 

worm,  table  of 38 

Brown  &  Sharpe  worm  and 

Acme  compared 10 

Brown    &     Sharpe     worm, 

measuring 39 

cutting  screw i 

fine  pitch  screw,  measuring 

diameters 36 

French     (metric)    standard 

screw,  table  of 20 

German  Loewenherz,  table 

of 23 

International  standard  screw, 

table  of 21 

metric,  measuring 37 

metric  pipe^ 45 

of  special  diameter,  measur- 
ing      29 

VM  mOtv,  Kx&fix.  ^t«w  Go's 

S\.9LTl^aX^ r Vlji 

V^ve Nv-«ji 


Threads,  [ape,  Bi 


Briiuh  staiidiinl... 


uTs.  sUodsrd.  mtuarbig      ; 
U.  S.  sundard,  measurini 


WhitTorth  KTcn,  EoeBaui- 

Whitworth  screw,  nuasui- 

ing  with  wirej,  tabk  (or ,     ; 
Whitwortli  BtaDdsnl  SCRW, 


!Ot  .. 


ins    Brairn    &    Shupc, 

ThrM-fluted  toob,  measuring  with 

Thtuat  liearings,  colUt 381,  ] 

Thumb  nuts 

Tin,  propertiea  • 
Toob,    htht   I 


Twist  drills,  speed  «( 

lype  metAJ * 

Types,  making  in  drDp-Iorge  dies. 461, 1 


L'nited  Stats  bolts  and  outs,  finished 

United  States  b(^ls>ndnuU....iTo-is> 
Unn«d  Suies  bolts  and  nuts,  tough,  ato 
United    Stales     bolts     and     nuti, 

UnitedStates  toim  of  thnad.  grind- 


United  States  bot  pnsud  and  cold 

punched  nuts joo 

United  States  ordiwace  tuier  pms . .  jjg 
United  Sutes  sUndud  boh-bauls 

and  nuts,  stock  rEquired  for. .....  40T 

United    Stales    stuidard    gage    for 

plate,  weights  of  JII 

United      States      staodud      screw 

thteub,  table  oi 16 

United    Slates    standard    threads. 


United    States    standard    threads, 
measuring  with  micromelfirs  and 

wires-uSelor Ji 

United  States  standard  wasliets 310 

:  United  States  threads,  micfomeler 
'  I      readings  for- -  - - , . , .     a6 


Triangles,  right-angled,  mlegnl 

Trigonometnr,  shop- ...........  ssi~ 

Tr$le  thmdi,  cutting 

T-ebtboH  heads,  slaDdsrd 

T-doU  Id  uUHm  cutters 

Tubes,  Briggs  aandaid,  table  o[ 

Tubtag,  Mwnkss  brass,  weight  ol. . . 

Tungsten,  [Kopeitics  of 

Turning  and  boring to$- 

Tuniiiig   and   boring,    formula    for 


.  ^„-k,  used  with  m 

Vetnier,lMiw  toread. 
Vernier  ecal«,  pnmi| 

v3^eTfilleU*t-ib 
I  V-Bcrew  threads,  labl 
,  V-thtead,  finding  dep 


grinding  an 
groove  aha] 


Washbuni   and    Moen    muM 

I    Washbiim  and  Moen  wire  gaj 
.    Washers. cast  iron ........ ■. 

:    Washen.  for  planer  hotl  had 
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Work  benches,  oonstructioii  of 84 
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